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KEU GOI VIET BAI CHO BAN TIN HOI
(VSSMGE BULLETIN)

Ban bién tdp Ban tin hoat dong clia HO6i, VSSMGE
Bulletin, kéu goi cac hoi vién va nhitng nguoi yéu chuyén
nghanh DKT tham gia bai viét cho Ban tin s6 11, du kién
phat hanh vao 15/12/2026 va cac s6 tiép theo.

Bai viét c6 thé cho céc ndi dung clia Ban tin:

e GOC TRONG NUQOC, vé hoat dong clia Hoi.

e GOC NGHIEN CU'U KHOA HOQC, vé codng tac nghién
clru va giang day DKT tai Viét Nam.

e PROJECTS IN FOCUS, vé cac coéng trinh DKT trong
nudc

e GOC QUOC TE, vé hoat ddng qudc té clia VSSMGE,

ISSMGE va cac hoi nudc ban.

e HOI KY DIA KY THUAT, vé nhitng ciu chuyén dang

nhd& trong nganh DKT, v.v.

e TIN VAN DIA KY THUAT QUOC TE, v& nhitng thanh tuu

DKT mdi trén thé gidi.

Chung t6i mong nhan dwoc sy cong tac va dong vién
cla cac hodi vién va dong nghiép trén toan quéc. Thé |é
viét bai va cac bai mau viét cho ban tin trong cac s6
trwdc, xin xem tai duong link: https://vssmge.org/tin-
hoi-vssmge-bulletin/

Théng tin va bai viét cho Ban tin Hoi xin duoc glri vé dia
chi mail phung.long@gmail.com.

Tran trong.

Phung blrc Long
Chd tich Héi Co hoc dét va Dija ky thudt Céng trinh Viét
Nam
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GOC TRONG NUOC

Olympic Co hoc dat toan quéc ndam 2026

Hoang Viét Hung
Truong Bai hoc Thay lgi. E-mail: hoangviethung@tlu.edu.vn

Tém Tat

Olympic Co hoc d4t toan qudc la mét trong tdm mén Co hoc dwoc td chire thi trong ky thi Olympic Co hoc
toan qudc thuwdng nién do Hoi Co hoc t6 chirc. Ndm nay |a ky thi th& 36, mén Co hoc dat c6 26 trudng Dai
hoc trén ca nudc tham gia thi véi tdng sé 204 sinh vién tham du. Bai viét tdng hop mot sé thdng tin lién
quan dén mdn thi Co hoc dat cda Hoi Co hoc dat va Dia ki thudt Cong trinh Viét Nam. Tac gia bai viét 13
trudng tiéu ban Co hoc dat-Olympic Co hoc toan quéc 2026.

Mé& dau

N&m nay ky thi th&r 36 dién ra ngay 10/5/2026 & ca ba mién Bic, Trung, Nam. Mién Bac thi tai Pai hoc Xay
dwng Ha N&i, mién Trung thi tai Pai hoc Da Nang va mién Nam thi tai Trwong Pai hoc Cong nghé ki thuat
TP H6 Chi Minh. Téng s6 c6 49 trwdng Dai hoc trén cd nwdc tham gia & 8 mon thi, téng s6 thi sinh dy thi
la 1562 sinh vién. Ky thi Olympic Co hoc toan quéc Ian th 36 dwoc t6 chirc nham thic ddy phong trao
hoc tap, nghién ciru cdc mén Co hoc trong sinh vién céc trudng dai hoc, hoc vién; phat hién, khuyén khich
cac sinh vién cé nang luc hoc tap tot; dong thoi gdp phan nang cao chat lwong dao tao cac nganh ky thuat,
cdng nghé trong ca nudc.

Mot sd thong tin chi tiét
Nam nay, cd 26 trudng Dai hoc trén ca nudc cé doi tuyén tham gia thi mén Co hoc dat la:
Truong Pai hoc Thuy lgi
Trudng Dai hoc Kién trac Ha Noi
Trudng Bai hoc Xay dwng Ha Noi
Truong Pai hoc Cong nghé Giao thong Vén tai
Hoc Vién Hau can
Truong Pai hoc Giao théng Van tai
Hoc vién Ky thuat Quan sy
Truong Pai hoc Hang hai
Trudng Dai hoc Bach khoa-Dai hoc Da Nang
. Truong Pai hoc Duy tan
. Truong Pai hoc Su pham Ky thuat
. Trwdng Dai hoc Xay dung mién Tay
. Trwong Pai hoc Nha Trang
. Trwdng Dai hoc Bach khoa-Pai hoc Quéc gia TP H6 Chi Minh
. Trwdng Dai hoc Kién tric TP H6 Chi Minh
. Phan hiéu Trudng Dai hoc Giao thdng Van tai-tai TP H6 Chi Minh
. Trwdng Dai hoc Xay dung Mién Tay
. Trudng Dai hoc Giao thdng Van tai TP H6 Chi Minh
. Trwdrng Dai hoc M& TP H6 Chi Minh
. Dai hoc Can Tho
. Truong Dai hoc Céng nghé K§ thudt TP H6 Chi Minh

Lo NOOULAEWNRE

NNR R R R RRRRBR R
R OWOKONOOULAE WNRO

2



s Ban Tin Hoi « VSSMGE Rulletin

22. Trudng Bai hoc Ba Ria-Viing Tau

23. Trudng Pai hoc Nam Can Tho

24. Trudng Pai hoc Cong nghé TP HB Chi Minh

25. Trwdong Pai hoc Su pham Ky thuat Vinh Long

26. Trudng Pai hoc Quéc té- Pai hoc Quéc gia TP HO Chi Minh

204 sinh vién tir 26 trudng trén toan quéc d3 tham gia cudc thi, trong d6 cé 95 sinh vién tir mién Bac, 21
sinh vién mién Trung, va 88 sinh vién mién Nam.

K&t qua cudc thi: giai nhat dong déi thudc vé doi tuyén sinh vién Truong Pai hoc Xay dwng Ha Noi, Giai
nhi déng doi thudc vé doi tuyén sinh vién Hoc vién Hau can, va hai déng giai ba la déi tuyén sinh vién Hoc
Vién k§ thuat Quan sy va déi tuyén sinh vién Pai hoc Bach khoa TP H6 Chi Minh.

Gidi nhat-bong doi Gidi ba- Péng doi

Hoc vién Ky thuat QS va Pai hoc BK TP HCM

Giai nhi- Dong doi
Truong DH Xay dung Hoc vién Hau can
HN

OLYMPIC CO HOC TOAN Quoc

LAN THU 36 - NAM 2026

Guidé Thal

MON
CO HOC DAT

OLYMPIC CU HOC TOAN QUOC

LAN THU 36 - NAM 2026

Giai Nl

~

MON
CO HOC DAT

OLYMPIC G HOG TOAN QUG

LAN THU 36 - NAM 2026

Gidi Ba
MON
CO HOC DAT

OLYMPIC G HOG TOAN QUGG

Gidi Ba
MON
C0 HOC AT

C4c sinh vién gidi nhat cd nhan gém:

1. Nguyén Phi Nam-Hoc vién Hau can

2. Tran Anh Minh-Trudng Dai hoc Xay dung Ha Noi

3. bam burc Hung- Trudng Pai hoc Xay dwng Ha Noi

4. Thy-Rotha- Trudng Pai hoc Xay dwng Ha No6i

Ban t6 chitc cling khen thuwéng tap thé giang vién hudng dan doi tuyén dat giai nhat, ndm nay tap thé
giang vién gidi Nhat 13 nhdm cac thay cé gidng Mdn Co hoc dat cta Trudrng Pai hoc Xay dwng Ha Noi, gobm
cac thay co: TS Pham Viét Anh, TS Nguyén Hoang Viét, ThS D6 Thi Thu Hién.

Két luan

Ky thi Olympic Co hoc toan qudc Ian thir 36 ndm 2026 d3 dién ra thanh coéng tét dep, mén Co hoc dat ¢
s lugng sinh vién tham gia thi tdng khoang 10% so véi ndm 2025. Téng s6 ¢ 26 trudng Pai hoc va hoc
vién tham gia thi, s6 luvgng sinh vién 13 204 em, téng s6 giadi chiém xap xi 40% s6 lvgng sinh vién tham gia
du thi, cu thé gidi nhat mon Co hoc dat 1a 04, giai nhi |3 20 va gidi ba |a 57 giai. Gidi dong doi Nhat thudc
vé déi tuyén Dai hoc Xay dwng Ha Nbi, giai Nhi thudc vé ddi Hoc vién Hau can va hai dong giai Ba thudc vé
Hoc vién ki thuat Quan su va Trudng Dai hoc Bach khoa TP H6 Chi Minh.

Tai liéu tham khao
H6i Co hoc Viét Nam (2026). Ky yéu Olympic Co hoc toan quéc lan thr 36. Nha xuat ban Bach khoa Ha ndi
2026.
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MOT SO HINH ANH CUA cUOC THI OLYMPIC CO’ HOC PAT LAN THU 36 NAM 2026

OLYMPIC CO HOC TOAN @uéc
LAN THU 36 - NAM 2026

Trudng Dai hoc Xay dung Ha Néi, ndm 2026

Déi tuyén Co hoc dét sinh vién
Truong Pai hoc Thay loi do TS Hoang
Thi Lua phu trdch

OLYMPIC CO HOC TOAN @USC LAN THU 36
HOI PONG CHAM THI
MON CO HOC PAT

Truang Dai hoc Xay dung Ha Noi, ngay 17 thang 5 nap2026 ¢

Héi déng gidm khdo chd@m thi mén Co
hoc déat chup énh ctng lénh dao Hoi
Co hoc

DANG CONG SAN VIETNAM QUANG VINHMUON NAM

L ®moB @

OLYMPIC CO HOC TOAN QUSC LAN THU 36
HOI DONG CHAM THI

Héi déng gidm khdo chdm thi 8 mén
Co hoc
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Cudc thi sdng tao sinh vién "Xay dung md hinh tuwdng chan dat cé
cot" nam 2025 tai Trwong Dai hoc Giao théng Van tai

Student innovation competition "Building a geosynthetic-reinforced soil retaining wall
model" in 2025 at the University of Transport and Communications

Nguyén Cong Dinh

Truong Pai hoc Giao théng vén tai. E-mail: ncdinh@utc.edu.vn

Ddng HoNng Lam
Truong Pai hoc Giao théng vén tai. E-mail: dang.hong.lam@utc.edu.vn

Nguyén Hai Ha
Truong Pai hoc Giao théng vén tai. E-mail: haihadkt@utc.edu.vn

Nguyén Chau Lan
Truong Pai hoc Giao théng vdn tdi. E-mail: nguyenchaulan@utc.edu.vn

Tém tat

Cudc thi sdng tao sinh vién “Xay dwng mé hinh tuwdng chan cé ct” dién ra trong hai ngay 15 - 16/11/2025
tai Truong Dai hoc Giao théng van tai. Day 1a san choi hoc thuat chuyén nganh Dia ky thuat 1an dau tién
duogc td chirc, thu hit sy tham gia cla tat ca cac trudng dai hoc cé dao tao nganh K§ thuat xay dung trén
dia ban Ha Nbi. Cudc thi do Trudng Dai hoc Giao théng van tai ch tri td chirc, B6 mén Dia ky thuat, Khoa
Céng trinh phu trach chinh vé mat chuyén mén, ky thuat va cdng tac chuan bi, dwdi su déng hanh cda Tap
doan Minh Dtrc véi vai tro 1a nha tai tro. K&t qua chung cudc phan anh chat lvgng chuyén mén cao, sy nd
lwec vurgt troi clia cac doi thi véi nhitng diém s6 sat sao, kich tinh, dong thoi khang dinh sy chuyén nghiép,
cOng tdm cta Ban TG chirc va Ban Gidm khao. Cudc thi mé ra dinh huwdng phat trién va mé réng quy md
I&n hon trong nhitng nam tiép theo.

Abstract

The student innovation competition "Building a Reinforced Retaining Wall Model" was held over two days,
15-16 November 2025, at the University of Transport and Communications. As the first academic
competition dedicated to Geotechnical Engineering, it attracted participation from all universities in Hanoi
that offer Civil Engineering programs. The competition was hosted by the University of Transport and
Communications, with the Department of Geotechnical Engineering, Faculty of Civil Engineering, taking
primary responsibility for the technical and professional aspects, as well as preparatory work, in
collaboration with Minh Duc Group as the sponsor. The final results reflected a high level of professional
guality and the outstanding efforts of the competing teams, with close and dramatic scores, while also
affirming the professionalism and impartiality of the Organizing Committee and the Panel of Judges. The
competition has paved the way for further development and expansion on a larger scale in the future.

Keywords: tudng chan cé ct, MSE, Dia kj thuat, Dai hoc Giao thdng van tai, UTC.

M& dau

Nam trong chudi cac hoat dong s6i néi chao mirng Lé ky niém 80 nam truyén théng Truwdng Dai hoc Giao
théng van tai, cudc thi sang tao sinh vién véi chd dé “Xay dwng mé hinh tuwéng chan cé c6t” da chinh thire
duogc té chirc. Day 1a mot san choi tri tué thiét thuc, gitp sinh vién khdi nganh ky thuat cé co hoi tiép can
truc quan, ap dung ly thuyét nén tang cha co hoc dat va dia k§ thuat vao viéc thiét ké, thi cobng moét két
cau chiu luc thuc té.



s Ban Tin Hoi « VSSMGE Bulietin

Cudc thi khéng chi dirng lai & y nghia hoc thuat thuan tdy ma con |a cau ndi gén két gitra hoat dong dao
tao clia nha trwdng véi thuc tién san xuat thdng qua s dong hanh cla doanh nghiép, tir dé truyén cam
hing nghién ctru khoa hoc cho thé hé ky su twong lai.

ODOSOD
vine covee KET coje Tm sAna TS BANN CHO SIE VD
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Hinh 2: Todn cdnh cudc thi vong chung két

Cong tac td chirc va quy mo cudc thi

DU 13 [An d4u tién dwoc t6 chire, cudc thi da nhan duoc su quan tdm va hudng (ng rat I&n. Su kién d3 thu
hut 33 d6i thi dang ky dén tlr tat ca cac truong cd nganh ky thuat xdy dung trén dia ban Ha Noi nhu:
Truong Dai hoc Giao théng van tai, Truong Dai hoc Cong nghé Giao thong van tai, Truong Dai hoc Xay
dung Ha Noi, Trwdng Dai hoc Thiy loi, Trwdng Dai hoc M4 - Dia chat, va Trudng Dai hoc Kién truc Ha Noi.
DE khuyén khich tinh than tap luyén cling nhu sy sdng tao clia cdc nhdm sinh vién, ni dung chuyén mén
cla cudc thi dugc xay dwng dua trén nguyén ly [am viéc cla két cdu twong chan dat cé c6t, mot giai phap
dia ky thuat dwoc st dung rong rai trong xay dung céng trinh. Diém déc biét cla cudc thi la viec moé phong
két cau thuc té bang cac vat liéu don gian nhung van bao ddm phan anh dugc co ché chiu lyc co ban cla
cong trinh. Trong d6, gidy A2 dugc st dung lam mat tudng chan, gidy A4 duoc cat thanh cac dai cot gia
cudng déng vai tro tuong tu cac 1&p cbt dia ki thuat trong thuc té, con cat khé dwoc st dung 1am vat liéu
dap phia sau twong. Tir cac vat liéu dwoc cung cap, cac doi thi phai nghién ctru, dé xuat hinh dang va chiéu
dai c6t hop ly, lwa chon khodng cach bé tri cac |&p cot, dong thdi t6i wu hda qua trinh thi cdng nham dat
duoc kha nang chiu tai I&n nhat trong diéu kién gidi han vé vat liéu va thoi gian. Théng qua dd, sinh vién
c6 co hdi tryc ti€p quan sat va danh gid anh hudng cla phuwong én bé tri cdt dén do 6n dinh cta két cau,
qua do hiéu rd hon vé co ché tuong tac gitra dat, cot gia cwdng va mat twdng trong cac céng trinh dia k¥
thuat hién dai.
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Ban t6 chirc d3 dwa ra ba vong danh gia cudc thi nhu sau

e Vong so khdo dénh gia ho so dang ky tham gia, bao gébm 01 ban gidi thiéu vé nhém dang ky tham gia
va 01 du thao thiét k& mo hinh du thi.

e Vong thir tai dugc ti€n hanh tai khudn vién phong thi nghiém trong diém vé céng trinh & nha A10,
Trudng Dai hoc Giao théng van tai. K&t qua vong thir tdi s& danh gid dugc khd nang thiét k&€ md hinh
va k¥ ndng thuc hanh tryc ti€p cha sinh vién.

e Vong chung két danh gid khd nang thuyét trinh va md hinh sd si* dung phan mém Geo 5 (student
version).

Sau vong cham tham dinh ho so thiét k&, 26 d6i xuat sdc da dwoc lwa chon dé bwdc vao vong thi thuc

hanh ché& tao md hinh dién ra vao chiéu ngay 15/11/2025.

iy nm W i TG CHAN B ¢6 ¢6T
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Hinh 3: PGS.TS. Nguyén Chdu Lan tuyén bé khai mac Hinh 4: Ban glam khéo va Ban té chu’c cudc thi
cudc thi

Dé& bao dam tinh chinh xac va chat lvong chuyén mén cao nhat, B6 mon Dia ki thuat da ddm nhan vai
tro 12 don vi phu trach chd yéu vé mat k§ thuat, xy dung quy ché va chuan bj chu ddo co sé vat chat phuc
vu cdng tac thyc hanh va thir tdi. Bén canh do, su thanh cdng cla cudc thi ghi ddu 4n ddm nét tir sy déng
hanh, tai trg' va ho trg truyén thdng manh mé cla cong ty Minh Birc Group, mot don vi uy tin ludn quan
tam dén su nghiép phat trién ngudn nhan lyc trong nganh xay dung. Ban gidm khao bao gdm dai dién cla
nhiéu trudng cé sinh vién tham gia, cung dai dién nha tai tro.

Panh gia chuyén mén va két qua chung cudc

Trai qua cac vong thir tai day kich tinh, Ban chuyén mén thuéc B6 mén Dia ki thuat danh gia rat cao chat
lwgng cdc md hinh ndm nay. Cac doi thi déu thé hién sy nd luc va tu duy sang tao trong viéc t8i wu hoa
vat liéu cling nhu gidi phdp b6 tri ¢t chiu luc. Dic biét, tai vong chung két dién ra vao sang ngay
16/11/2025, v&i sy tranh tai ctia 10 d6i thi xuat sac nhat, trinh bay mé hinh s8 twong rng véi méd hinh vat
ly d3 thuwe hién — thé hién su am hiéu sau sic cla cac ban sinh vién, cling nhu sy tranh tai kich tinh giira
cac doi véi diém sd sat nut.

K&t qua ghi nhan diém s& cla cac dodi dan dau chénh léch nhau khong dang ké. Nhitng chién thang sat
sao dén tan phut cudi cung da chirng minh tinh canh tranh khoc liét va chat lwgng chuyén mon rat cao
cla mot san choi hoc thuat danh cho sinh vién nhung dugc té chire véi tinh chuyén nghiép cao. Sy thanh
céng nay phan anh tinh than lam viéc cdng tdm, khach quan clia Ban Giam khao va nang luc diéu hanh bai
ban clda Ban Té chirc. K&t qua chung cudc d3 tim ra nhitng chd nhan xirng ddng cho cac hang muc giai
thudng:

e Giai Nhat: Doi OCT Team (Truong Dai hoc Thay Loi).
e Giai Nhi: Doi Son Tung M-TP (Truong Dai hoc Giao théng van tai), Doi Zi-O (Truong Dai hoc Giao théng
van tai).
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e Giai Ba: Doi Star Team (Trwong Dai hoc Giao théng van tai), Doi UTT-Warrior (Trwong Dai hoc Cong
nghé Giao théng van tai).
e Gidi Khuyén khich: Déi KCXD-UTC, Bdi Cét Xay, Ddi Skyline, Ddi Innovator HUMG, va Déi 4.

Mot diém dang chu vy, thé hién rd nét tinh than cdng bang va khach quan cla Ban T6 chirc cling nhu
Ban Giam khao, d6 |a viéc ngdi vi cao nhat — Giai Nhat cudc thi — d3 xuat sac thudc vé ddi OCT Team dén
tir Truong Dai hoc Thly lgi, ch khong phai dai dién clia don vi chd nha. DAu vay, Truong Dai hoc Giao
thong van tai van khang dinh th& manh chuyén mén sau sic ctia minh khi dat thanh tich an tuong véi 5
doi lot vao vong chung két, mang vé 2 Giai Nhi, 1 Giai Ba cung 2 Giai Khuyén khich.

Hinh 5: Toan cdnh vong thi thi téi Hinh 6: Rét cdt dé€ xdc dinh téi trong tdc dung I1én két cdu
turong tuong chén dét cé cét dé duorc sinh vién xdy dung

Két ludn va huwdng phat trién

Cudc thi sang tao sinh vién “Xay dung mé hinh tudng chan dat ¢ c6t” ndm 2025 d3 khép lai va thanh
codng tot dep, dé lai nhiéu du 4m y nghia cho ca gidng vién, sinh vién va doanh nghiép. Hoat déng nay I3
mot diém nhan truyén thong I&n, khdng dinh uy tin dao tao hoc thuat chuyén sau clia B6 mén Dija k§ thuat
ndi riéng va cla Trudng Dai hoc Giao théng van tai ndi chung.

T hiéu ng lan tda manh mé cla mua gidi dau tién, Ban T6 chirc hién dang xem xét ké& hoach cho ky
thi ndm sau. Dy kién, d6i twong tham gia sé& khdng chi gidi han trong céc trudng chuyén nganh ky thuat
xay dwng truyén théng ma con duoc mé rong quy mé, hira hen mét san choi déng dao, da dang géc nhin
sang tao va phat trién manh mé hon trong twong lai.

Loi cdm on

Ban t6 chirc va cac tac gia xin bay té 1dng cdm on sau sac téi Ban Giam hiéu Trudng Pai hoc Giao thong
van tai va nha tai trg Minh Blrc Group d3 tao moi diéu kién thuan Igi va ho tro kinh phi, k{ thuat dé cudc
thi dién ra thanh cong t6t dep. Cling xin tran trong cdm on Hoi Co hoc DAt va Dia k§ thuat Céng trinh
Viét Nam (VSSMGE) d3 dang bai, dua tin vé cudc thi.
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Ho6i thdo rng dung cdng nghé press-in trong phat trién ha tang va
phong chéng thién tai

V@ Anh Tuin
Hoc vién Ky thudt qudn sw. E-mail: vuanhtuan@mta.edu.vn

Ngay 03/12/2025, tai Ha Noi, Céng ty Ozawa Civil Engineering and Construction Co., Ltd. ph&i hop véi
Céng ty Hashimotogumi Corp., Vién Khoa hoc Thay lgi Viét Nam va Hiép hoi Press-in Quéc té (IPA) t6 chirc
hoi thao véi chl dé “Ung dung cdng nghé Press-in trong phat trién ha tang va phong chdng thién tai tai
Viét Nam”. Hoi thao thu hat hon 80 dai bi€éu dén tir Pai sir quan Nhat Ban tai Viét Nam, mét s6 don vi
thudc B6 Néng nghiép va Mai trudrng, cac tredng dai hoc, vién nghién clru, ban quan ly du dn dau tw xay
dung cac cdng trinh thay lgi va cdc doanh nghiép xay dwng (Hinh 1). Cong nghé Press-in dwoc phat trién
tai Nhat Ban va hién d3 dugc dp dung tai hon 40 qudc gia trén thé gidi trong céc linh vure nhu xay dung
ha tang giao théng, bao vé bd sdng, cang bién, gia cd nén méng va ng phé véi thién tai.

Hinh 1. Todn cdnh budi héi thdo

Cong nghé Press-in 1a mot gidi phap thi cdng tién tién duoc st dung dé ha coc vao nén dat bang
lyc ép tinh, gilip gidm thiéu rung déng va tiéng 6n trong qua trinh thi cdng. Phuong phép thi céng coc
bang cong nghé Press-in khdng chi 4p dung cho cac nén dat cat, dat sét nhu cac phuong phép thi cong
truyén théng ma con hiéu qua déi vai cac nén dat cirng, nén da, nhirtng khu viee ¢ vat cdn ngdm nhu
cac khoi bé tdong c6t thép hodc két cdu chén ngdm. DI véi nén dat cirng, nén da hodc nhirng khu vy
cé vat can ngdm, phuong phap Press-in st dung gidi phdp phun tia nuwdc cao dp hodc cdc miii khoan
cat dé ho tro qua trinh thi cdng ha coc (Hinh 2 va Hinh 3).
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Cudn ong phun nwoe il

Voi phun nuée

Péu phun nude -

Hinh 2. Phuong phap Press-in dang phun tia nudc cao ap.
(Nguén: International Press-in Association, Press-in Retaining Structures: A Handbook, 2021)

Dong co khoan

Cudn dng phun nude

Ong chéng

Ludi khoan cat

Hinh 3. Phwong phap Press-in dang khoan cét.
(Nguén: International Press-in Association, Press-in Retaining Structures: A Handbook, 2021)

Tai Hoi thdo, 05 bdo cdo khoa hoc chuyén siu vé cong nghé Press-in da duoc trinh bay, bao gém:

e “Cong nghé ép coc Press-in cho céng trinh vinh ctru” do 6ng Nobu Nozaki, Téng Gidm déc IPA trinh bay.

e “Ung dung clr thép thi cdng bang cdng nghé Press-in dé gia c6 dap dat” do TS Pinh Xuan Trong, Vién
Khoa hoc Thuy lgi Viét Nam trinh bay.

e “Ung dung clr thép trong xay dung tudng chan tai khu dan cu va mai déc” do TS Théi Quéc Hién, Vién
Khoa hoc Thuy lgi Viét Nam trinh bay.

e “Cdng nghé Press-in trong gia cwdng méng tru cau va trién vong rng dung tai Viét Nam” do PGS.TS Vii
Anh Tuén, Hoc vién K§ thuat quan sy trinh bay.

e “Ung dung cdng nghé Press-in cho ha tang duwdng sat tai Viét Nam” do dng Toshio Takebayashi, Giam
doc Cong ty Nippon Sokei Co., Ltd trinh bay.

Céc bao cdo vién d3 cung cip nhiéu thong tin hitu ich vé cong nghé Press-in va trién vong rng dung tai
Viét Nam. Phién thao luan dién ra soi néi véi nhidéu cdu hdi chuyén mén va cac trao d6i thye tién giira dai
biéu va dién gid. Dwdi day 1a mot s6 hinh anh tai Hoi thdo (Hinh 4, 5, va 6).
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Hinh 4. PGS.TS Vi Anh Tuén, Hoc vién Ky
thuat qudn su, trinh bay bdo cdo tai Hoi
théo.

Hinh 5. PGS.TS Nguyén Thij Tuyét Trinh,
Trwdng PH GTVT, trao déi tai H6i thédo.

Hinh 6. Cdc dai biéu tham dw Hoi théo.
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Ho6i thdo gidi phdp coc van thép kiéu mi — d6t phd mdi cho nganh
xay dung tai Viét Nam

Nguyén Nhat Tudn & Nguyén Thi Thay
Céng Ty TNHH Ong Thép Han Xodn Nippon Steel Viét Nam (NPV). Email: thuy.nquyen@nipponsteelpipe-vn.com

Tém Tat

Ngay 16/04/2026, tai thanh phd H6 Chi Minh, Tap doan Nippon Steel (NSC) ph&i hop cing Céng ty TNHH
An Phu Linh (APL) d3 t6 chirc thanh céng Hoi thdo gidi thiéu gidi phdp coc vén thép kiéu Mii (hay con goi
la coc van thép ban rong kiéu mii). Sy kién thu hat s tham du cha nhiéu dai dién tir cdc chi dau tu, nha
thau va don vi tu van thiét ké hang dau, ddnh dau budc ti€n quan trong trong viéc thic ddy rng dung vét
liéu tién tién nay tai thj trudng khu vee phia Nam.

Abstract

On April 16th, 2026, in Ho Chi Minh City, Nippon Steel Corporation (NSC), in collaboration with An Phu Linh
Co., Ltd. (APL), successfully organized a seminar introducing the Hat type steel sheet pile solution (also
known as widen Hat -type steel sheet piles). The event attracted numerous representatives from leading
investors, contractors, and design consultants, marking a significant step in promoting the application of
this advanced material in the Southern region market.

Ngay 16/04/2026, tai thanh phé H6 Chi Minh, Tédp doan Nippon Steel (NSC) phéi hgp cing Cong ty TNHH
An Phu Linh (APL) d3 t6 chirc thanh céng Hoi thdo gidi thiéu gidi phdp coc vén thép kiéu Mii (hay con goi
la coc van thép ban rong kiéu mii). Sy kién thu hat s tham du cha nhiéu dai dién tir cdc chi dau tu, nha
thau va don vi tu van thiét ké hang dau, ddnh dau budc ti€n quan trong trong viéc thic ddy rng dung vét
liéu tién ti€n nay tai thi trwong khu vure phia Nam. H6i thao d3 cung cdp céi nhin toan dién vé uwu thé cla
coc van thép kiéu Mii qua ba ch( dé thuyét trinh chuyén siu:

Dot pha vé cdng nghé va tinh kinh té cha coc van thép kiéu Mii

M& dau bang viéc gidi thidu lich st va cac dic tinh k{ thuat vurot troi cla san pham. So véi coc Larsen IV

truyén théng, coc kiéu Mii cé chiéu rong hiéu dung 1én t&i 900mm, gitp giam dang ké sd luvgng coc can
déng va khadi lwvgng thép trén moi mét tudng clr.

Hinh 1. Hinh énh khdch tham dv
héi théo
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Mot wu diém k§ thuat then chét dwoc nhan manh 1a hé s6 chiét gidm ddc trung mat cit bang hau nhu
khong dang ké. Do cac khoa tai n6i khong nam & giita tudng clr (truc trung hoda) ma nam & phan ngoai
cung cla tuwdng clr nén coc ki€u M khéng gap hién tugng truot tai ndi nhw coc Larsen truyén théng, gitp
bdo toan md men quan tinh thiét k&€ ma khéng can xét dén hé sé chiét giam. Ngoai ra, hdi thao con gidi
thiéu dong NS-SP-J (Zero Pile), cho phép thi cong véi khodng cach bang 0 k& canh céc cong trinh hién hitu
lan can dé tan dung va tdi wu hdéa khdng gian trong cac do thi chat hep.

Kiéu U
— — /) ' —
¢ 5 f - P 5 o o p “
400 [/ | § J | S
R ~
Kieu Ma Hinh 2. So sénh hinh dang va
/ S yd N\, yd AN kich thwdc giita ctr Larsen
¢ 900 - e N “—= | truyén théng va ctr kiéu mi

2. Hiéu qua kinh té thuc té trong cdng trinh tam
Dai dién cong ty thi cdng An Phu Linh @3 chirng minh tinh kha thi cda ctr ki€u M théng qua trinh bay chi
tié€t tinh kinh té& cda ching khi ap dung vao thuc té cac du dn tam thoi tai Viét Nam. Tir ndm 2022, APL va
NSC d3 cung cap dong coc NS-SP-25H cho céc hang muc thi cong tam vai khd nang téi sir dung nhiéu lan
va tai néi kin nuéec.

Tai du &n Khu d6 thj 1an bién Can Gid, phuong an coc kiéu Mii d3 chirng minh hiéu qua kinh té vuot
troi so va&i cur Larsen 1V:

e Gidm 44% s6 lvong coc.

e Gidm 35% khéi luvgng thép.

e RUt ngdn 25% - 30% thoi gian thi cong.

e Tiét kiém tdng cong 20% chi phi cho hang muc.

e D3cbiét, loai clr kiu mii nay hoan toan twong thich vai cac thiét bi bda rung thiy luc va bua rung
dién théng dung hién cé tai Vit Nam (dang dwoc st dung cho cac loai clr Larsen 1V), gitip cac nha thau dé
dang tiép can cdng nghé.

Hinh 3. Hinh @nh thuec té thi céng cir vdan thép
kiéu mii (logi 25H) tai dw dn Cén Gio

3. Giai phap bén virng cho céng trinh vinh clru
Hién nay, tdp doan Nippon Steel d3 va dang m& rdng pham vi (rng dung cla coc kiéu Mii sang cac két cau
vinh clru nhu ké song, twong chan dat va cong ngan triéu. Gidi phap t6 hop HAT-H (két hop coc kiéu Mil
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v@i thép hinh chit H) d3 duoc gidi thiéu nhu mot phuwong dn cho cac ciu kién chiu lyc 1dn, phu hop cho
hé dao sau va céng trinh ha tang 16n.

Hoi thdo d3 dua ra cdc minh chirng thyc té tir nhidu dy &n 1&n tai Viét Nam nhu:

e D3p dang soéng Tra Khic (Quang Ngai) vdi khdi lvgng hon 1.300 tén.

e Nhiéu cdc c6ng ngan triéu, ngdn man — gilr ngot tai Vinh Long, tai thanh phé H6 Chi Minh.

e Dy &n Ké tai Hai Phong dp dung t8 hop HAT-H (két hop coc kiéu Mii vdi thép hinh chit H) du kién
thi cong vao nam 2026 nay.
K&t ludn va Tam nhin
Vé mat phép ly, ctr kiu Mii tudn theo céc tiéu chuan Viét Nam vé thiét k&, thi cong nghiém thu, ngoai ra
d3 dugc bd sung vao hé théng tiéu chuan va dinh mirc thi cdng tai Viét Nam qua dé tao diéu kién thuan
lgi cho viéc dp dung vao cac du an dau tu cong.
Bang tat cd wu diém trén mot [an nita khang dinh san pham clr van thép kiéu mii véi nhitng vu diém ro
rét dang dan dan dugc dén nhan va du diéu kién dé ap dung vao cac dy an ha tang khdng nhirng trong
ap dung vinh clru ma con trong ap dung tam phuc vu thi cdng. Sau cung, sy thanh céng cta hdi thao con
mé& ra mot chwong mai cho viéc tng dung cdng nghé, sdn pham tién ti€n nham kién tao nhitng cong trinh
ha tang bén virng tai Viét Nam.
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GOC NGHIEN CU’'U KHOA HOC

Quan trac dia ky thuat va canh bdo sém truot & quy mo 1én & mot s6
khu vuc dat doc Viét Nam

Geotechnical monitoring and early warning of large-scale landslides in several steep-
sloping areas of Vietham

Db Minh DBirc
Trwong Bai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Néi. E-mail: ducdm@vnu.edu.vn

DPinh Thi Quynh
Vién Dia c6ng nghé va Méi triedng. Email: quynhdtgeo@gmail.com

Dao Minh birc
Vién Cdc Khoa hoc Trdi dét, Vién Han Idm KH & CN Viét Nam. E-mail: daominhduc_dkt@yahoo.com

Tém Tat

Bai bdo ti€n hanh danh gid cac hé thdng quan trac dia k§ thuat va canh bdo sém truot & tai cac vung dat
déc Viét Nam thong qua thuec tién tir 19 dy 4n nghién ctru. Nghién ctru chi ra su chuyén dich tat yéu tir
quan trac don 1é, thi cong sang hé théng ty dong hda tich hop da module (10T, LoRaWAN, WebGlIS va Al).
Diém nhan cua bai viét 1a khung cdnh bdo sém tich hop, noi dit liéu vat ly thoi gian thue dwoc hai hoa vai
nang lwc &ng phd clia cong dong tai chd. Trong tuong lai, viéc phat trién cac "module quan trac théng
minh" cé kha ning ty hiéu chinh di¥ liéu va tdi wu hda ndng lwong la chia khda dé vuot qua cac rao can
vé kinh t& va ha tang. DAy I3 tién dé dé thiét 1ap mot nén van hoa cadnh bao chd dong, bién hé théng tir
cong cu giam sat thy dong tré thanh mang lwdi chéng chiu bén virng trwdc nhitng bién dong khac nghiét
cUa thién tai trong bdi cdnh bién déi khi hau.

Abstract

The paper provides a comprehensive assessment of geotechnical monitoring and landslide early warning
systems in slope areas of Vietnam through 19 pilot projects. The results outline the evolution from
standalone, manual stations to integrated, multi-module automated systems (loT, LoRaWAN, WebGIS,
and Al). A core contribution is our proposed integrated framework that harmonizes real-time physical
data with local community-based response mechanisms. Future advancements should prioritize "smart
monitoring modules" capable of self-calibration and energy efficiency to overcome economic and
infrastructural barriers. Such innovations are critical for transitioning from passive monitoring to a
proactive culture of disaster resilience, ensuring sustainable mitigation against the escalating challenges
of extreme climate-induced landslides.

Keywords: Truot |&, Quan trac dia ki thuat, Canh bdo sém, Hé thdng tich hop.

Gidi thiéu vé cac hé thdng quan trac va canh bao sém trwot quy mo Ién

Truwot 1& quy md 1dn 1a mdt trong nhitng hiém hoa tu nhién cé khdi lvgng dich chuyén 1én, pham vi anh
hudng rong, dién bién bat ngd va khong lién tuc, chiu anh huéng clia nhiéu yéu t6 hinh thanh phic tap,
va thuwong gy ra nhirng thiét hai nghiém trong vé tinh mang va co s& ha tang nhu tai Bdo Yén (2024), Mu
Cang Chai (2017, 2023), Xuan Minh (2022), Nam P&m (2021). Viéc ndm bat thong tin nhat qudn va kip thoi
vé kha ndng mat 6n dinh—bao gdbm co ché bién dang va cdc yéu t6 kich hoat |a yéu cau tién quyét cho bat
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ky hé théng cdnh bdo sém nao. Nhirng kién thirc nay chi cé thé thu thap dwoc thdng qua cach tiép can
tich hop lién nganh, két hop céac ky thuat diéu tra khao sat, dit liéu quan trac lau dai va két ndi céc trung
tam canh bao sém.

Tai Viét Nam, cac khu virc mién nui thudng xuyén chju tac déng khac nghiét cla bién déi khi hau va
cac dot mua cuc doan, dan dén viéc tai kich hoat cac khéi truot quy mé Ién. Qua thuyec tién trién khai tai
cac tinh nhu Tuyén Quang, Lao Cai va tp Da Nang xay dwng hé thdng cadnh bdo sé&m trwot quy mo Ién doi
hoi su két hop gilra cac ly thuyét dia ki thuat, thiét bi tu déng hda va ting hd tir chinh quyén va nhan dan
dia phuong. Cac méi quan hé nay chinh la thudc do kiém chirng su thanh céng cla céc du &n thir nghiém.
Méc dU nhu cau cadnh bdo sém la rat cap bach, viéc trién khai quan trac van gdp nhiéu rao can vé ha tang
ky thuat va kha nang ti€p nhan van hanh cla chinh quyén dia phuong.

Vé mat k§ thuat, hé théng quan trac dia k§ thuat hién nay duoc thiét ké theo huéng module héa,
tuong thich v&i ddc thu cla tirng khu vue nguy co cao thdng qua mang ludi cdm bién da dang nhu do
mua, ap luc nwdce 16 rong, dich chuyén ngang (inclinometer), gidn ké& (extensometer), camera gidm sat va
CB-InSAR. Tuy nhién, sw phu thudc vao thiét bi nhap khau dang tao ra nhirng rao can dang ké trong cong
tac bdo tri, sira chita va md& réng mang ludi. Cac bd luu trir dit liéu (datalogger) véi cau hinh va giao thirc
truyén tin biét 1ap gay khé khan cho viéc dong bd héa dit liéu va nhing cc thuat todn x& ly tai tram. Hon
nita, do dd phurc tap vé cong nghé va tinh chuyén biét héa cao, cdng ddng va chinh quyén dia phuong van
chua thé chl dong van hanh hé théng, dan dén sy phu thudc 1&n vao doi ngii chuyén gia trong cac tinh
huéng khan cap.

Su chuyén dich tir cdc mé hinh truy@n tin truyén théng nhu do dac dinh ky hay GPRS sang cdng nghé
loT va Internet van vat da danh diu budc ngodt trong quan tri dit liéu canh bdo tai Viét Nam. Viéc tich
hop dit liéu vé nén tang Cloud gitip cong tac quan ly tré nén tap trung va chuyén nghiép hon, du van déi
mat v&i thach thirc vé bao mat va sy bién ddng trong chinh sach vién thdng clia cac nha cung cap dich vu.
DE khac phuc cac han ché nay, cac hé thdng gan day da ap dung giao thirc truyén tin LoRaWAN nham tap
hop dit liéu tai gateway trwdc khi ddy 1én mdy chi, ddm bao tinh 6n dinh va tiét kiém ndng lvgng. Quan
trong hon, viéc phan tach hai l&p chirc ndng gdbm quan tri hé thdng va giao dién ngudi dung da gilp cac
ban tin cdnh bdo tré nén truc quan hon, tao diéu kién thuén lgi cho viéc ti€p nhan va ra quyét dinh t&ng
pho clia chinh quyén ciling nhu nguwdi dan dia phuong.

Trén thé gidi, du moi k§ thuat quan trac cung cap d6 tin cay khac nhau (Barofi va Supper, 2013, UNDRR,
2023), xong van chua tim ra phwong phéap hiéu qua nhat cho cadnh bao sém trwot quy mé 1én. Trong khi
cac qudc gia phat trién thudng wu tién vién tham va thiét bj tu dong hién dai, nhiéu quéc gia khu vuc
DPong Nam A lai hwéng dén cac giai phap "binh dan héa" théng qua WebGIS va rng dung camera thong
minh dé& gidm sat thoi gian thuc. Viéc thu hep khoang cach nay van doi héi su két hop gitra cac phuong
phdp quan trac dia ky thuat truyén théng vdi cac hé théng canh béo gid ré da dwoc kiém chirng tinh hiéu
qua tai thuc dia. Thuc tién cho thay khéng mot ki thuat don 1& nao cé thé dy bdo chinh xac cac chuyén
dong phurc tap cla truot khéi 1dn (Bic, 2023). D8i véi phan 16n cac dy an 1&n quan trac cdnh bao truot
quy md 16&n, viéc xay dung bo cong cu dia ki thuat két hop gitra dit liéu mua, ap lwe nudc 16 rdng va dich
chuyén la chia khda dé cai thién do tin cdy. Tich hop cac thong s6 1én nén tdng WebGIS khéng chi mang
lai gia tri cho phan tich khoa hoc ma con |a co sé thuc té nhat dé dwa ra cac canh bao kip thdi cho ngudi
dan (Toan, 2025).

Xuat phat tir nhu ciu cap thiét vé canh bdo sédm, bai bdo tap trung dénh giad hiéu qua cic phuwong phap
quan trac dia ky thuat khdi trugt quy mé I&n tai Viet Nam, qua d6 phan tich tuong tn nhitng khé khan
trong qua trinh chuyén giao cong nghé tai vung dat déc. Muc tiéu trong tdm cta nghién ctru la cung cap
cac kinh nghiém thuc tién, hwdng t&i viéc dé xuat cac giadi phdp kha thi nham cling c6 nang luc canh bao
s&dm, gop phan xay dung mang luwdi phong chéng thién tai bén virng va hiéu qua hon cho céng déng dia
phuong.

Qua trién khai cac du an va dé tai nghién clru vé quan trac cadnh bao sém cac khai truot 1on tai Viét
Nam, lich st ghi nhan qua cdc giai doan sau:
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Giai doan khéi dau (trwdc ndm 2015): Day la thoi ky dat nén mong vai viéc ap dung cdc cdng nghé co
ban nhu do 4p lwc nuwdc 16 rong va dich chuyén ngang trong hé khoan dé quan tric cac khdi truot 16n
tai cac khu vuc trong diém nhu déi Ong Tuong, Phi Tho (2008) (hinh 1) hay C8c Pai, Tuyén Quang
(2010) (hinh 2). Phwong thirc truyén dit liéu trong giai doan nay chd yéu dua vao tin nhan SMS hoic
GPRS.

Giai doan m& rong va tich hop cong nghé (2015 - 2023): Hé théng quan trac duoc trién khai rong khap
tai nhiéu tinh thanh nhu thanh phd Ba Nang (hinh 4), Lao Cai (hinh 3, 5 va 6) va khu vic Tay Nguyén.
Coéng nghé dugc nang cap déng ké vadi viéc tich hop Internet 3G/4G, va tich hgp thém da dang cac loai
cam bién nhu do mua ty déng, gidn ké (extensometer), dp dung cdng nghé truyén tin hién dai hon
nhuw LoRaWan. Céc hé théng khong chi tap trung vao truot khéi lén ma d3 mé rong sang ca quan trac
It quét va It bun da.

Giai doan tich hop (tir 2023 dén nay): Xu hudng hién nay chuyén dich manh mé sang viéc xay dung
cac hé théng tich hgp da thién tai va co sy tham gia tryc ti€p cha cong ddng. Cac app canh bdo sém
da két hop gilta dit liéu vat Iy tir tram quan trac véi thong tin nhan dién sém tir cong dong thong qua
mang x3a hdi (Zalo, Facebook). Muc tiéu trong tdm cua giai doan nay |a déng b co s& dit liéu, tich hop
cdng nghé Al va tu dong hoa, tdng twong tac cda ngudi dung vai hé théng, t6i wu hda ngudn luc van
hanh va nang cao kha nang ty chi cong nghé.

Lich st phat trién cac hé théng quan trc tai Viét Nam cho thay suw chuyén dich tir cdc tram quan trac

don 18, thd cdng sang hé théng tu ddng héa tich hop cdc module, hwdng tdi viéc chia sé dir liéu tap trung
va lay cong dong lam trung tam dé ting tinh chi ddng trong rng pho thién tai.

N

Hinh 3. Quan trdc khéi truot I6n Ném Dan, Xin
Man bang céng nghé CB-InSAR

17



Ban Tin Hoi * VSSMGE Bulletin

- el ” - . ' B 3 4 4
Hinh 5. Quan trdc khéi trugt I6n MU Cang Chdi Hinh 6. Quan trdc khéi trurot Ion Yén Thanh
Céach tiép can va nguyén ly hoat ddng ctia hé théng

Céch tiép can duoc lwa chon dya trén nguyén tac tich hop da théng s6 nham giai thich rd hon co ché hinh
thanh cta khéi truot quy mé 1dn. Hé théng tap trung vao viéc két néi dir liéu khi twgng = cu thé 1a ngudng
mua va bién dong 4p lwc nwdc 16 rdng = vaéi cac phan hoi dia ki thuat tir cdc cam bién do dich chuyén ty
doéng (hinh 7). Viéc Iya chon thiét bi duoc thue hién dua trén ciu tric cha khdi truot, quy mé khéi truot
(hinh 8), mirc d6 8n dinh va kha nang két néi theo thoi gian thuc, kha nang duy tri 1au dai tai hién trwong,
dam bao rang dit liéu thu thap duwoc cé thé phan anh chinh xac trang thai bién dang cta khéi truot ngay
ca trong diéu kién thoi tiét khac nghiét.
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Hinh 7. Nguyén ly hoat déng cua hé théng quan  Hinh 8. Mt cdt dia chdt céng trinh Idp dét cdc logi
trdc cdnh bdo som trugt quy mé Ion hinh cdm bién trén khéi truot Ion tai N6Gm Dén

Cong tac thi cong cac hé thdng quan trac cdnh bdo sé&m tai hién trudng can chd y mot sé cong tac nhu:
|ap d&t cAm bién, cdu hinh ghi do cla datalogger, lwa chon ciu hinh pin ndng lwong mat troi va acquy. Yéu
cau cac bd phan nay can lam viéc 6n dinh lau dai, c6 kha nidng thay thé nhanh chdng khi can thiét, chiu
dwoc anh hudng cla thoi tiét khac nghiét nhat 1a trong thoi diém dién ra thién tai (Hinh 9 va 10).
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Hinh 9. Lip d3t cdc cdm bién trong hd khoan Hinh 10. Cai d4t hiéu chinh tin hiéu quan trac cho
hé théng

Cong tac lwu tri va phan tich dit liéu quan trac nhu sau: dit liéu dwoc truyén tai vé mdy chd va hién thi
trén hé thng WebGlIS. Cac s6 liéu dau vao & dang digits sé duoc hiéu chinh va chuyén d6i sang s6 liéu ¢
y nghta vé dja ky thuat (Hinh 11). Ddng thoi, ngay tai tram quan trac, bang cong nghé LoRaWan duoc st
dung dé tich hop vé hé thdng coi hu nham canh bao tai chd cho khu vuc d6 (Hinh 5).
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Cac thanh phan chinh cGa hé théng
Dwa trén khung ly thuyét vé hé théng canh bdo sém (UNDRR, 2023), dudi day la md ta chi tiét 4 thanh
phan chl chét dp dung cho hé théng quan tric va cdnh bao sém truot 1& quy mo 16n:

Nhan dién khéi truot I&n: Thanh phan ndy doi hdi viéc danh gia nguy co khéi trwot 1&n xuat hién, dua
trén dit liéu dia chat, dia hinh, va st dung cong nghé vién tham dé xac dinh cac vliing cé nguy co cao.
Viéc hiéu biét rdi ro khéng chi dirng lai & khao sat vat ly ma con can danh gia dién bién tiép dién cla
khéi trrot va tinh dé bj tén thuwong clia cdng dong, gitp xac dinh d6i twong can wu tién canh bao va
cac ngudng nguy hiém dic thu cho tirtng nhém cong dong.

Quan trac: Pay la thanh phan ky thuat c6t 18i, bao gdm viéc van hanh mang ludi cac cadm bién quan
trac tv dong (do mua, do chuyén dich ngang, do ap luc nudc 16 rong) hoat dong thoi gian thuc. D
liu tlr cac thiét bi nay duoc truyén vé trung tdm diéu hanh qua ha tang mang (GPRS/3G/LoRaWAN)
dé phan tich, tir d6 dua ra céc kich ban dy béo truot 1& dwa trén mo hinh todn hoc va Al, gitp xac dinh
thoi diém ngudng bao dong can dugc kich hoat.

Truyén tin: Hé théng can mot ha tang truyén tin da kénh dé ddm bao thdng tin cdnh bdo tir trung tdm
dén duoc véi moi ngwdi dan, ngay ca trong diéu kién dia hinh chia cat. Ngoai cac thiét bj chuyén dung
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nhu coi hu, loa phat thanh tai thdn ban, viéc tich hop théng bdo qua cac nén tang mang xa hoi phé
bién (Zalo, Facebook) va tin nhdn SMS dam bdo tinh kip thoi va dé phu rong, giup théng tin khéng bi
gidn doan hay sai léch.

e Nang cao ning luc &ng phd: Pay 1a yéu t6 quyét dinh hiéu qua cla toan hé thong, gin lién véi viéc
huan luyén céng déng hiéu rd cac ky hiéu cdnh bdo va quy trinh so tdn an toan. Thanh phan nay doi
hdi sw phdi hop chit ché gitta chinh quyén dia phuwong va doi ngili xung kich tai chd, xay dung céc
phuong an dién tap dinh ky dé& ngudi dan khong chi biét cach nhan tin ma con ndm virng 16 trinh di
chuyén dén cac khu vuc an toan d3 dugc xac dinh tir trude.

Thao luan vé hé thdng cdnh bdo s&m

Cac hé théng canh bdo thién tai tai Viét Nam dang tirng buwdc dugc hién dai hda, chuyén tir cdc md hinh

thr nghiém don 1é sang cac nén tang cdng nghé tién tién nhdm nang cao dd tin cay cta di liéu va hiéu

qua truyén tai thong tin cadnh bdo theo thoi gian thuc. Trude day, cac hé théng quan trac tai hién truong
thudng duoc thiét ké theo ciu tric khép kin, phuc vu riéng cho tirng loai hinh thién tai nhu truot 1& dat,
1T bun da hodc |G quét. Viéc ti€p can va irng dung cdng nghé mdi chi yéu théng qua cac du &n hop tac
qudc té, tiéu biéu nhu hé théng quan tric trugt 16 dat tai NAm Dan va Xin Man (hop tac véi NGl — Na Uy
va Nhazca — Italia), hé théng canh bdo IT bun d4 tai Ngi Chi Son (hop tac véi CBREW — Dai Loan) hay cac
mo hinh cdnh bdo tai Mudng Hoa va Tinh Tuc (hop tac véi cac doi tac Ha Lan). Bén canh dd, nhiéu hé
théng canh bdo cling dugc phat trién tir cac dé tai nghién clru trong nwédc nhu tai Tac P4 (Nam Tra My),

Kham DBic (thanh phé Da Nang) clng véi su tham gia hd tro cla cac t6 chirc phi chinh phd va t6 chirc

thién nguyén. Cac du an nay d3 gdép phan quan trong trong qua trinh chuyén giao cong nghé, nang cao

nang lwc nghién ciru, van hanh va lam chi cac giai phdp quan trac tién tién cla doi ngl khoa hoc trong
nudéc.

e Viéctich hgp nén tang WebGIS va cdng nghé nhan dién hinh anh qua Al mé ra huwdng ti€p can doét pha
trong gidm sat tai bién thién nhién thi gian thuc. WebGIS dong vai tro 1a xwong séng quan tri dit liéu,
cho phép déng bd hda dit liéu tir cdc cdm bién vat ly v&i ban d6 dd nhay truot |3, tao ra mot khong
gian truc quan gilip nha quan ly ndm bat nhanh chéng cac diém néng nguy co. Song song d6, viéc (rng
dung Al trong nhan dién hinh anh qua camera gidm sat bd sung kha ndng "quan sat" truc ti€p cdc bién
déng bé mat — vén 1a nhitng dau hiéu khé phat hién bang cac cdm bién do sau truyén théng. Sy két
hop nay khdng chi nang cao tan suat gidm sat ma con gilip rut ngan thoi gian xt ly di liéu, chuyén déi
tlr trang thai quan trac bj déng sang chd ddng phat hién sém cac hién twgng nhu 1t bun da hodc 1& d4
ngay tai nguon.

e Trong bdi canh tai cdc xa/thon vung cao Viét Nam, sy khac biét gitta phuong phap quan trac thd cong
va hé théng tw dong hda (nhu cdm bién SAA hodc Slope ALARMS) thé hién rd rét & tinh lién tuc va do
tin cdy. Cac phuong phdp thi cdng thudng phu thudc vao quan sat cam tinh cla cdng déng nhu vét
nit trén sudn, cdy nghiéng ngd hodc tiéng dong la, vdn mang tinh chat "bdo déng hau qua" khi tai
bién d3 budc vao giai doan van dong. Nguoc lai, cdc cdm bién tu déng hda nhu thiét bi do nghiéng
(inclinometers) hodc SAA cung cap dit liéu s& dinh lwong vé téc d6 dich chuyén va ap lwc nwdc 16 rong,
cho phép phat hién sém giai doan gia téc cla khéi trwot. Tuy nhién, trong diéu kién dja hinh chia cat
va ha tdng han ché, cic hé théng tu ddong doi hdi ngudén ndng lugng duy tri lién tuc va quy trinh hiéu
chinh di liéu khat khe, diéu ma phuong phap thl cong cé thé bu ddp bang su linh hoat va hiéu biét
ban dia sau sac.

e Viéc chuyén giao cac cong nghé quan trac tién tién vao vung cao Viét Nam ddi mat véi nhiéu rao can
mang tinh hé théng. Cac cdng nghé nay thuong duoc thiét k& cho nhitng khu vire cé ha tang déng bd
va doi ngili van hanh chuyén nghiép, trong khi dia ban vung cao Viét Nam lai d&i dién vdi sy khdc nghiét
vé dia hinh, khi hau va thi€u hut k{ thuat vién tai ché. Theo cac nghién ctru thyc tién, viéc duy tri tinh
tin cay cua thiét bj trong méi truong khac nghiét 1a mat thach thic 1én, béi sy sai s6 cla cdm bién
thudng bi chi phéi bdi cac yéu té dia chat phirc tap va thiéu dit liéu hiéu chinh phu hop. Hon nita, chi
phi dau tw ban dAu cao clng vdi bai todn bao tri lau dai vuot qua kha nang ngan sach dia phuwong, dan
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dén tinh trang cac hé théng du hién dai nhung khé duy tri dwoc tinh bén vitng néu khdng cé phuong
an thiét k&€ module phu hgp va su tham gia quan trj tir chinh cdng déng.

e DE t6i wu hda hidu qud canh bdo sdm, can thiét 1ap mot chién lugc hai hoa gitra cong nghé giam sat
dia k¥ thuat hién dai va ndng lwc tng phé tai chd. Thay vi 4p d&t mot mo hinh cong nghé don 18, viéc
xay dung cac "module quan trac tich hgp" gilp tan dung t8i da duwdng truyén, ndng lwong va bo luwu
trir di? liéu 13 gidi phap kha thi nhat dé tiét kiém chi phi vdn hanh. Hé théng canh bdo khéng nén chi
dirng lai & cac théng s6 ki thuat khd khan ma phai chuyén hda duwoc dit liéu phirc tap thanh céc chi
dan dé hiéu cho t6 cdnh bao thén ban. Sy thanh cong clia hé thdng tai Vit Nam nam & viéc tich hop
dir liéu tlr ca thiét bi vat ly va théng tin cung cap bdi cdng ddng, tao nén mét co ché canh bdo nhiéu
|&p, dam bao tinh phap ly va sy san sang ng phé trong moi tinh hudng thién tai.

Trién khai ap dung va dé xuat giai phap nang cao hiéu qua cliia hé théng canh bdo sém

Trén co s& phan tich cac thanh phan clda hé théng canh bdo s&m va thyc trang trién khai tai Viét Nam,

can xay dyng céc gidi phap téng hop nhdm nang cao hiéu qua quan trac dia ky thuat va giam thiéu rdi ro

trwot |& dat tai cac khu vue dat déc.

Trudc hét, cdn hoan thién hé thdng co sé& dit liéu va ban d6 nguy co truot |6 dat trén pham vi toan
quéc. Viéc tich hop dit liéu dia chat, dia hinh, lwgng mua, hién trang s&t dung dat, két qua diéu tra hién
trwong va dit liéu vién tham trén nén tang WebGlIS s& ho trg khoanh dinh cac khu vic cé nguy co cao,
phuc vu cdng tac quy hoach phat trién kinh té - x3 hdi va quan ly thién tai.

DGi v&i cong tac quan trac, can ting cwdng mat do cac tram do mua ty dong tai cac khu viere mién nui,
dong thoi phat trién cac hé théng quan trac dia kj thuat chuyén sadu nhu cdm bién dich chuyén mai déc,
cadm bién 4p luc nwdc 16 rong, thiét bi do nghiéng, radar mat dat va camera giam sat. Bén canh dé, viéc
(rng dung tri tué nhan tao, hoc may va phan tich di¥ liéu I&n can dwoc ddy manh nham nang cao dé chinh
xac cla cac mo hinh dy bdo va canh bao som.

Bén canh cac gidi phap chd dong phong chéng thién tai trong mua mua b3o, doi véi dang da tai bién
trugt quy mé I&n can luu y diém quan trong nhat 13 can chi dong ra sodt doc cac sudi nhdnh, dong chay
xem c6 hién tuong truot |& hay cay gdy d6 gay nghén dong chay khéng, néu cé can khai thdng, nao vét
dat da trong long sudi hodc di chuyén dan & noi triing thap khu viee ha lwu dén noi an toan dé phong khi
mua Ién tich Ity pha ngh&n dong gay dong |G bun da. Luu y, trén mét dong chay cé thé cé mot hay nhiéu
diém nghén.

Chd déng phéat hién cac diu hiéu phat sinh khdi trwot quy md 1&n nhu céc khe nit kéo dai trén mai
déc. Can lwu y, mot s6 khe nitt sé khdng dan ngay dén trugt 16. Cac hoat dong canh tac va xay dung cong
trinh trén dat déc cé thé che |1ap cac dau hiéu khe nirt, gay khé khan cho cong tac giam sat diu vét cla
kh&i trugt I6n. Mot khi da xuat hién khe nirt, mai d6c s& khéng thé ty “lién lai” dugc niva va nguy co truot
|& ludn tiém an. Thyc té tai nhiéu dia phwong cho thay, cdc mai d6c trong cay keo lai d3 qua mot vai [an
khai thac va trong lai hodc cé hoat déng trén mai déc nhu xay dyng cong trinh, thap vién thong, duong
day tai dién... déu can duoc lvu y.

Tiép theo can cé canh bdo va hanh déng sdm theo thi tu:

(1) Mua la yéu t& cht yéu kich hoat trwgt |&. Cac hé théng quan trac muwa hién tai can cé mat do cao hon,
dong thoi nghién ciru ing dung va bd sung cac hé théng trang thiét bi phat hién sém mua l&n cuc
doan;

(2) Cac hé théng quan trac chuyén sau vé bién dang dia hinh, dia ky thuat, dia chat thuy van hay dich
chuyén clia mai déc; nang cao do chinh xac cong tac dw bdo qua rng dung phan tich di¥ liéu |&n va tri
tué nhan tao;

(3) Tang cuwdng truyén thdng thdng tin canh bdo sém, ddm bdo chinh quyén cac cap, dac biét la nguoi
dan trong vung bj tadc ddng cla trwot I& ndm bat thong tin kip thdi, chinh xac va hiéu rd cac hanh déng
can trién khai khi cé yéu cau.

(4) Khi rdi ro truot |6 dat dén murc rai ro cdp 1 theo nghi dinh cta Chinh phu, chinh quyén dia phuong
can han ché ngudi va phuong tién lwu théng 1an can cac khu vire nguy co cao, tdi rii ro cap 2 va cao
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hon, can cAm cac phuong tién lvu théng qua cac khu vee nguy co cao; di chuyén dan trong khu vuc
nguy co cao dén noi an toan va chi quay lai khi khéng con canh bdo nguy co truot 14.

Phat huy hiéu qud vai trd cla céc cédn bd co sé& x3, thon, cac t6 ddi xung kich phong tranh thién tai,
nhu phat hién sé&m cac dau hiéu truot |&, cac khu vire sudi, dong chay bi ach tac, ngh&n dong dé kip
thoi ng pho.

Chinh quyén va ngudi dan can chi y dén tinh bat thwdng va cuc doan cla thoi tiét trong béi canh bién
ddi khi hau va chuan bij kich ban &ng pho véi nhirng tinh hudng khé khan nhét.

St dung ng dung “Sat 1& Vit Nam” (hinh 12-14). P4y 1a cong cu hd tro gidm sat va cdnh bdo sém
nguy co tai bién truwot |& theo thoi gian thyc trén nén tang dién thoai théng minh, duoc phat trién
nham phuc vu céng tac phong chong thién tai tai cac khu virc mién nui va vung dat déc trén pham vi
cd nudc. Ung dung tich hop cac cong nghé nhu tri tué nhan tao (Al), Internet van vat (loT) va phan
tich di liéu 1&n (Big Data), cho phép theo ddi lién tuc dién bién lwong mua, nguy co truot & dat, truot
|& quy md 18n, sat 1&, |G quét. DI liéu dwoc cdp nhat ty ddng khoang 20 phit mét an, bao pha toan
b6 cac khu vye dat d6c & Viét Nam va cung cap théng tin chi tiét dén cap x3, thén, ban, t& dan phd,
cac khu dan cu tap trung cling nhu cac tuyén giao thdng mién nui, déo déc cd nguy co cao.
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e Truot|d quy mo I1dn va cac hién tugng |0 bun da do ngh&n dong chay dang trd thanh nhitng hiém
hoa thién tai cé strc tan pha déc biét nghiém trong d6i vadi cac khu vure dat déc tai Viét Nam. Thuc
tién cho thay, cadc phuvong phap phong chéng truyén thdng, midc du can thiét, nhung da boc 16
nhitng han ché& nhat dinh truwdc dién bién ngay cang phirc tap va khé ludng cla thién tai trong boi
canh bién ddi khi hau.
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e K&t qua nghién ciru khang dinh ring viéc trién khai cac hé thdng quan trdc va canh bao sém tu
doéng hda, tich hop da thong s6, |a gidi phap then chét dé chuyén dich tir tuv duy "rng phé thu
doéng" sang "cht dong phong nglra". Sy thanh coéng cla hé théng khong chi nam & tinh hién dai
clia cdc cAm bién hay thuat toan Al, ma con nam & kha ndng hai hoa di liéu ky thuat chuyén sau
V@i co ché van hanh cta cdng déng dia phuong.

e Bén canh cac giai phap truyén théng, quan trac va canh bao sé&m tai bién truot I& quy mo [én déng
vai tro rat quan trong gép phan giam thiéu rdi ro thién tai. Day la yéu t6 quyét dinh gitp dit liéu tir
cac nén tang s6 thuc sy trd thanh nhitng chi dan séng con cho ngudi dan tai ving nguy co.
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Xay dung & vung do6i ndi & Viét Nam: Giai phap thich &ng dia hinh
giam thiéu nguy co truot |&

Construction in Mountainous Regions of Vietham: Terrain-Adaptive Approaches to
Mitigate Landslide hazards

Nguyén Quang Tuan
Truong Pai hoc Thay lgi. E-mail: nqtuan@tlu.edu.vn

Tém Tat

Qua trinh d6 thij hda va phat trién ha tang tai cdc ving mién nui Viét Nam dang dién ra manh mé dudi tac
doéng cla phat trién kinh té&, giao thdng va du lich. Tuy nhién, dia hinh déc, diéu kién dia chat phirc tap va
bi€n d6i khi hau d3 lam gia tang nguy co truot |& dat va mat én dinh mai déc, dic biét tai cac khu vue cé
hoat dong dao cat dia hinh quy m6 1&n. Bai viét phan tich cac thach thire dia k§ thuat trong phat trién do
thi mién nui, ddnh gid tdc dong cla hoat ddong xay dung dén 6n dinh mai d&c va dé xuat cac giai phép thiét
k& cong trinh theo huéng thich &ng dia hinh ty nhién nham dam bao an toan va phat trién bén vitng.

Abstract

The rapid urbanization and infrastructure development in the mountainous regions of Vietnam are being
strongly driven by economic growth, transportation expansion, and tourism development. However,
steep terrain, complex geological conditions, and climate change have significantly increased the risks of
landslides and slope instability, particularly in areas where large-scale excavation and terrain cutting
activities are conducted. This paper analyzes the geotechnical challenges associated with mountainous
urban development, evaluates the impacts of construction activities on slope stability, and proposes
design approaches based on terrain-adaptive development to ensure safety and sustainable development.

Keywords: d6 thi, mién nui, truot |8, swon doc.

M& dau

Vung mién nui chiém khoang 3/4 dién tich |13nh thd Viét Nam va thudng xuyén chiu tdc dong cua I quét,
x6i mon va truot 1& dat. Nhitng nam gan day, su phat trién do thi, giao théng va du lich d3 thac ddy mé
rong khong gian xay dwng trén cac swon ddc ty nhién. Viéc san gat dia hinh, d3o cat taluy va thay déi diéu
kién thoat nwdc dang lam gia tdng nguy co mat 6n dinh mai d6c, dic biét dudi tdc dong cia mua cuc
doan do bién d6i khi hau. Xu huwdng dd thi héa mién nui dugc dy bao s& tiép tuc gia tang, dat ra yéu cau
chuyén d6i tw duy phat trién tir “ddng bang héa mién nuai” sang quy hoach va xay dung thich &ng véi dja
hinh tu nhién. Cac gidi phdp can duwoc quan tdm gdm tich hop danh gid nguy co trwot |& vao quy hoach,
han ché& dao cat quy mé 1dn, ting cwdng kiém sodt thoat nwdc va bao vé thdm thuc vat.

Bai bdo nay dua trén cac thong tin téng hop vé cac su kién truot & xay ra & cac do thi mién nui Viét nam,
phan tich cac thach thic dia k§ thuat trong phat trién d6 thi mién nui, danh gia tac dong cda hoat déng
xay dwng dén 6n dinh mai d6c. Pwa vao cac kinh nghiém tir cdc nudc trén thé gidi vé thiét ké xay dung
khu virc d6i nGi d3 cdng bé (Kumar and Pushplata 2015, Fernandes 2017, Wodonga 2019, Kapoor, Bansal
et al. 2020, Li, Shen et al. 2020, Zeng, Zhao et al. 2023) dé dé xuat cac gidi phap thiét k& céng trinh theo
hudéng thich ¢ng dia hinh ty nhién nham dadm bao an toan va phat trién bén virng.
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Hién trang truot 1& & cac do thi mién nai Viét Nam

Nhiéu vu truot 1& nghiém trong d3 xay ra trong cdc nam gan day tai Da Lat, Lao Cai, Yén Bai va Sa Pa. Cac
su ¢ thuong lién quan dén viéc dao cat chan déc dé tao mit bang xay dung, taluy cao thiéu gia c¢6 dong
bod va hé théng thoat nudc chwa phu hop.

Tai Da Lat, cac vu sat |1& taluy & khu viee Khe Sanh (Hinh 1) va duong Hoang Hoa Tham (Hinh 2) da gy thiét
hai nghiém trong cho céng trinh va nha dan. Sau b3o Yagi, hang loat vu sat |& tai mién nui phia Bac tiép
tuc gdy thiét hai ldn vé nguwdi va tai san, vi du vu trwot | tai Lao Cai (Hinh 3) va Yén Bai (Hinh 4), noi nhiéu
cong trinh dugc xay dung sat chan taluy hodc sudn déc ty nhién.

<

Hinh 1 Trwot I& ndm 2021 & Khe Sanh— thanh phd Ba  Hinh 2 sat I& ném 2023 tqi taluy trén du’é’ng Hoang Hoa
Lat (www.thanhnien.vn) Thdm — thanh phé Ba Lat (www.nhandan.vn)

Hinh 3. Khu virc mét loat nha bi Gnh hudng béi truot  Hinh 4. Truot vao khu nha dén 1am sdt chdn ndi sau béo
taluy gidp truwong chinh tri tinh Lao cai Yagi—thanh phé Yén Bdi (www.24h.com.vn)
(www.vietnam.vn)

Cac vy trugt |& gan day cho thay qua trinh d6 thj héa nhanh dang |am gia tang tinh dé t6n thuong cla
mai d&c tu nhién, ddc biét khi két hop gitta mua cuc doan, dia hinh déc va hoat ddng dao cét dia hinh quy
mo lén.

Tac ddng cha viéc xay dwng cdng trinh vung déi nui
Bén canh cac nguyén nhan tu nhién nhu diéu kién dia hinh dia mao bat lgi, diéu kién dia chat yéu, cac

nguyén nhan chinh lam gia tang nguy co truot 1& gom:
e Do cit va san gat dia hinh quy mé lén.
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e Giatang tai trong céng trinh trén sudn doc.
e Thay d6i diéu kién thoat nudc ty nhién.

Pay 1a nhitng nguyén nhan do hoat dong xay dung gy ra. Khi chan swdn déc bi dao cét, trang thai
can bang tw nhién clia mai doc bi pha v&, 1am tang nguy co hinh thanh mét trwot. Nuwdc mua tham vao
mai déc lam tang 4p luc nudce 16 rong va gidm strc khdng cat cla dat da. Ngoai ra, viéc pha bd thdm thuc
vat va cac hoat déng thi cdng nhu né min, lu rung hodc van chuyén tai trong I&n cling gép phan lam suy
giam 6n dinh mai déc.

Viéc xay dwng trén suwdn d6c con lam thay d6i dong chay ty nhién, gay tap trung nwdc mat va xdi chan
taluy. Trong nhiéu trudng hgp, hé thdng thoat nwdc khdng dugce thiét ké dong bd khién nwdc muwa chay
trwc ti€p vao mai déc hodc nén céng trinh, lam gia tdng nguy co mat én dinh.

Quy hoach va thiét ké xay dwng theo huéng phat trién bén virng cho vuing déi nui

Dinh hudng phat trién bén vitng cho vung ddi ndi can chuyén tir tw duy “dong bang héa mién nui” sang
“xay dyng thich &rng dia hinh ty nhién”. Cac cong trinh nén b tri bAm theo dudng déng mirc, han ché
dao ddp quy md I&n va wu tién md hinh nha giat cap hodc cong trinh nang trén hé cot.

Bén canh d6, can tang cwdng kiém sodt thodt nwdc mat, bdo vé tham thyc vat va ap dung cac giai phap
dia k{ thuat nhuw neo dat, lwdi thép hodc tudng chan tai cac vi tri can thiét. Viéc duy tri Iép phd thyc vat
¢ vai trd quan trong trong én dinh mai déc va gidm xéi mon.

Trong quy hoach d6é thi mién nui, can tich hop khao sat dia chat, phan vung nguy co truot & va danh gia
&n dinh mai doc ngay tir giai doan d3au. Viéc ing dung GIS, vién tham, md hinh s& dia hinh va hé thong
quan trac cdnh bdo s&m sé gitip nang cao hiéu qua quan ly rdi ro va phat trién khong gian bén vitng.

Nguyén tac thiét ké cong trinh trén swon doc

Thiét ké trén vung d6i ndi khdng chi la sy diéu chinh ki thudt ma con 1a qua trinh hai hoa vdi diéu kién tu
nhién, dam bao can bang gilta an toan, tinh bén vitng va gid tri cdnh quan. Thiét k& cong trinh vung doi
nui can tuan thd cac nguyén tic sau:

e Khao sat dia ky thudt nghiém ngat trudc khi xay dung.

e Han ché& dao dap va gidm xdo tron dia hinh ty nhién.

e Uutién cong trinh nho, phan tan va giat cap theo dia hinh (Hinh 5)

e Sir dung giai phap két cau phu hop dé giam thiéu viéc dao dap dat da (Hinh 6)

e Thiét ké hé thdng thodt nuwdc phl hop vai diéu kién dia hinh (Hinh 7).

e Bdo ton va phuc hoi thdm thuwe vat nham tang 6n dinh mai déc.

GIAT CAP NHA LECH TANG KHOI NHA NHO
Cac san nha gidt cap theo Khai thac chénh léch cao do T6 chiic céc khdi nho,
dd déc, tao khoéing sén dé phin tach khéng gian két ndi bang hién, céu ndi

va tam nhin. chdc nang linh hoat. ho§ic sén vuon.

Hinh 5. Bé& tri céng trinh cbéng trinh gidt cdp theo dja hinh
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Hinh 6. Cdc gidi phdp két cdu gitp gidm thiéu viéc dao dap dat dd (s& dung hé cét, ddm consol, lam téng hdm)

MONG BE /
MONG BE

DOC NHE
Mang be dugc sif dung réng

rdi nhung it linh hoat nhat
- e - o
CAN MANG XOl NGOAI

d6i voi dong chay tran, DQC THEO TOA NHA

DOC TRUNG BINH

Méng nang dé phan cap

nhiéu han gitip doéng

chay tran dé dang

HE THONG THOAT NUGC NGOAI &
TRONG TUY THUOC VAO PO DEC

DOC CAO

Déc cao can nhiéu sy
linh hoat hon cho dong
chay tran, dat dugc

bang méng coc

THOAT NUGC NGOAI
THEO TUNG KHOANG

Hinh 7. Gidi phdp mdng va thodt nuwdc theo dé déc dia hinh (Theo www.Kaarwan.com)

Hién nay, & Viét Nam ciing d3 bat dau nguyén tac thiét ké thich &ng dia hinh dang ngay cang dwoc
quan tdm nhu mot hudéng tiép can bén virng déi véi vung d6i nui. Thay vi cai tao dia hinh, cdng trinh dwoc
dinh hudng bam theo dja hinh tw nhién nham han ché dao dap va gidm tac dong d&én moi trudong dia ki
thuat. Mot sé dy &n, ddc biét cac khu resort mién nui d3 ap dung giai phap dang duoc dp dung gém bd tri
nha giat cap theo swon déc, nha léch tang nham gidm can thiép vao dia hinh ty nhién (
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Hinh 8). Dbng thoi, céc gidi phap thoat nwdc, bao toén tham thyc vat va kiém soét 6n dinh mai déc cling
ngay cang dugc chu trong nham nang cao an toan cdng trinh va hudng téi phat trién bén virng cho khu
vue mién nui Viét Nam.

Hinh 8. Vi du vé thiét bdm dia hinh - Sapa
Jade Hill (Anh swu tém)

K&t ludn va kién nghi

Db thi hoa tai vung déi nui Viét Nam dang lam gia tang nguy co truot 1& dat va mat én dinh mai doc, dac
biét trong bdi canh bién déi khi hdu va mua cuc doan ngay cang gia tdng. Ngoai cac yéu td tu nhién, hoat
doéng dao cat dia hinh, san gat mit bang va thay d6i thoat nwdc 1a cdc nguyén nhan quan trong lam gia
tang rdi ro tai bién.

DE& phat trién bén virng, cdn chuyén sang md hinh quy hoach va xay dung thich &ng dia hinh tu nhién,
tang cuwong khao sat dia ky thuat, tich hop phan ving nguy co truot 1& va ing dung cdng nghé hién dai
trong quan ly va canh bdo tai bién. Day Ia dinh hudng can thiét nham nang cao kha ning chéng chju va
phat trién bén virng cho cic khu vuc mién ndi Viét Nam trong twong lai.
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Eurocode 7 thé hé 2 va viéc chuyén dich tiéu chuan xay dung tai
Viét Nam

The second-generation Eurocode 7 and the transition of geotechnical design
standards in Vietnam

Pham Thé Anh
Trwong dai hoc Xdy dwng Ha Néi. E-mail: anhpt@huce.edu.vn

Tém Tat

Tl ndm 2022, Viét Nam d3 bat dau qud trinh bién soan céc tiéu chudn thudc linh vue xay dung dinh hwdng
theo tiéu chuan chau Au thoéng qua viéc bién soan cac TCVN dua trén Eurocodes. Mot s6 tiéu chuan d3
duogc chuyén dich va dang trong qua trinh phé duyét. Tuy nhién, hé théng Eurocodes hién dang budc sang
thé& hé th hai, vdi nhiéu thay déi quan trong vé triét ly thiét ké va ciu triuc tiéu chuan, dic biét d6i vai
Eurocode 7 (EC7) trong linh vuc dia ki thuat. Do Eurocodes |a hé thdng tiéu chudn khung, céc thay d6i nay
s& anh huwdng dang ké t&i qué trinh bién soan va ap dung TCVN theo dinh huwéng Eurocodes tai Viét Nam.
Bai bdo tdng hop céc thay déi chinh clia EC7 Gen 2, phan tich tdc ddng déi vdi qué trinh chuyén dich tiéu
chuan tai Viét Nam, dong thoi dé xuat mét sé dinh huwdng tiép can va trién khai trong giai doan tdi.

Abstract

Since 2022, Vietnam has begun the process of developing construction standards aligned with European
standards through the drafting of Vietnamese Standards (TCVN) based on the Eurocodes. Some standards
have been translated and are currently in the approval process. However, the Eurocodes system is now
transitioning to its second generation, with significant changes in design philosophy and standard
structure, particularly for Eurocode 7 (EC7) in the field of geotechnical engineering. As the Eurocodes are
a framework-based system, these changes will have a substantial impact on the process of developing
and applying TCVN aligned with Eurocode orientation in Vietnam. This paper summarizes the key changes
in EC7 Gen 2, analyzes their impact on the standardization transition process in Vietnam, and proposes
several approaches and implementation directions for the coming period.

Keywords: Eurocodes, Eurocode 7, thé hé 2, bién soan tiéu chuan, dia ki thuat.

M& dau
Theo Quyét dinh 390/QP-BXD nam 2022 [1], Viét Nam dang bién soan cac TCVN dinh huwdng theo tiéu
chudn Chau Au théng qua viéc bién soan TCVN dua trén Eurocodes, 4p dung song song véi TCVN hién hitu
va tirng budc danh gia dé chon hé théng ap dung lau dai. Tinh tdi nay cé mot sé tiéu chuan Eurcodes nhw
ECO, EC7 d3 chuyén dich thanh du thao TCVN [2,3,4] dang ch® phé duyét va da chuyén thanh TCVN nhu
bo TCVN 13594 [5].

EC7 13 bd tiéu chudn thiét ké dia ki thuat thudc hé théng Eurocodes do Uy ban Tiéu chuin héa Chau
Au phat trién nham thong nhat triét ly thiét ké cdng trinh tai chdu Au. Bo tiéu chuan nay duogc xay dung
trén nén tang thiét ké theo trang thai gidi han (Limit State Design) trong dé do tin ciy dé két ciu thoa
man mot trang thai gidi han quy dinh duogc kiém tra bang phuong phdp hé sé an toan riéng phan. Vi
Eurocodes |a tiéu chuan khung nén méi qudc gia chap nhan s& phai bién soan phién ban tiéu chuan quéc
gia, va ban hanh céc tai liéu nhu phu luc quéc gia (National Annex) va cac tai liéu hwdng dan thiét ké. Vi
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du, & Birc sir dung cdac tiéu chuan DIN EN, DIN 1054, EAB, EBGEO; & Phap st dung NF EN, CEREMA; & Anh
str dung cac tiéu chudn BS EN, CIRIA, ICE.

Phién ban chinh thirc dau tién cda EC7 ban hanh vao ndm 2004, thudng dwoc goi la EC7 Generation 1
(Gen 1) [6], bao gdm hai phan chinh: EN 1997-1 “Quy dinh chung” va EN 1997-2 “Khdo sét va thi nghiém
hién trwong”. Mot trong nhitng dac diém ndi bat nhat cla EC7 Gen 1 la cac lwa chon thiét ké (Design
Approaches) DA1, DA2 va DA3, trong d6 cac hé sé an toan riéng phan duogc dp dung theo cac cach khac
nhau Ién tai trong, sirc khang va thdong s6 dat. Sau hon hai thap ky ap dung, cong déng dia ky thuat chau
Au d3 ghi nhan nhiéu ton tai trong EC7 Gen 1 lién quan dén sy phitc tap cla hé s6 riéng phan, va su khong
théng nhat gitra cac qudc gia [7]. Trén co s& d6, EC7 Generation 2 (Gen 2) [8] dugc phat trién véi muc tiéu
hién dai hoa triét ly thiét k& dia k{ thuat, tang tinh hai hoa gitta cac qudc gia, hd trg mo hinh hda s6 va
tang cuong quan ly do khong chic chdn cla nén dat [9]. T6ng quan vé tiéu chudn EC7 & hai thé hé thé
hién & Hinh 1.

EN 1990 EN 1997-2
1% Basis of EN 1997-1 Ground
generation structural General rules investigation and
design testing
I I Selecltion of
Structural General ground Calculation
design rules properties models
—d Geotechnical
design Specific rules
v
( N
EN 1990 EN 1997-2
nd -
enjra Hon Basis of structuraland Girl:leglg:/ ’Ls Ground
g geotechnical design properties
\& =
Na‘g’m’:g”é’e" ( National Annexes EN 1997-182&3 )

Hinh 1. Sy thay déi tiéu chudn Eurocode 7 (Bond et al, 2019 [10])

Bai bdo téng hop cac thay ddi chinh cha EC7, déng thoi phan tich tadc dong d6i v&i qua trinh chuyén
dich cdc tiéu chuan xay dung Viét Nam dinh hudng theo Eurocodes. Trén co s& do, mét s6 dé xuat cho
viéc chuyén dich va dp dung tai Viét Nam dugc kién nghi.

So sanh téng quan EC7 thé hé 1 va thé hé 2

So sanh téng quan vé tiéu chudn EC thé hé 1 va thé hé 2 dugc thé hién & Bang 1. Sau thdi gian dai 4p dung

thuc té, EC7 Gen 1 bdc 16 nhiéu han ché dang ké [11]:

e Thi nhat, hé thdng Design Approaches duwoc dénh gid 1a qud phire tap. Vi du, DA1 lai bao gbm hai t6
hop riéng biét (Combination 1 va Combination 2), dan dén viéc ki su phai x{r ly nhiéu trwong hop hé
s6 khac nhau. Diéu nay gay khé khan cho kiém tra thiét k&, dao tao ky su va phat trién phan mém tinh
toan. Hién tai, tuy thudc vao tirng quéc gia, ngudi ta dugc phép st dung bat ky phuwong phép thiét ké
nao va cac hé s6 mot phan twong ng. Diéu nay, theo mot nghia ndo dé, mang lai cdm giac rang viéc
théng nhat da khong hoan toan thanh cong.

e Th hai, mtrc d6 phu thudc vao Phu luc quéc gia (National Annexes) qud I&n. Mdi quéc gia cé thé lua
chon hé s6 ban phan va phuong phap ap dung riéng, dan dén tinh trang thiéu théng nhat trén toan
chau Au.
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e Thit ba, EC7 Gen 1 con tdn tai mot s6 han ché khi dp dung cho mé hinh s8 [12]. Trong cdc m6 hinh FEM
dia k§ thuat, viéc giam truc tiép céc thong s6 dat nhu géc ma sat trong hodc luc dinh cé thé lam khé
khan trong mo phong (rng x{ cla vat liéu.

Bdng 1. So sdnh téng quan vé tiéu chudn EC7 thé hé 1 va thé hé 2

NGi dung EC7 Gen 1 EC7 Gen 2
Tén tiéu chuin EN 1997 EN 1997
S8 phan 2 phan 3 phan
C4u tric Phan 1 + Phan 2 Phan 1 + Phan 2 + Phan 3
Quy tic chung: co s& thiét k& dia ki thuat, | Quy tic chung: co sé thiét ké dia ki thuat,
" trang thai gidi han (ULS/SLS), cac lwa chon phuong phap kiém tra (verification methods),
Phan 1 e . N (o oam s A e
thiét ké (Design Approaches), hé s6 ban phuong phap so, d6 tin cay, thi cong va tudi
phan tho cdng trinh
Khao sat va thi nghiém dia kj thuat: thi Khao sat nén dat va thdng s6 dia k§ thuat: cac
Phan 2 nghiém hién truong, thi nghiém trong thong derived values va representative values
phong, bdo cdo khao sat cla nén va mé hinh nén (Ground model)
Thiét k& va kiém tra két cau dia ky thuat:
Phan 3 Khdng cé mdng ndng, méng coc, twdng chan, mai déc,

dat co cbt, neo dat, ham, gia c6 nén, ...

Thoi gian ban
hanh

2004

2024-2025

Triét ly thiét ké
chinh

Thiét ké dua trén hé sé riéng phan (partial
factor-based design) va gia tri dac trung
(characteristic values)

Thiét ké don gian hdéa hon, bo céc lwa chon
thiét ké (DA1,2,3), dung gid tri dai dién
(representative values), tang cwong sir dung
hé s6 strc khang hon.

Néi dung thiét
ké cong trinh

Chu yéu tap trung trong Part 1

Chuyén manh sang Part 3 theo tirng loai céng
trinh

Representative
value

C6 dé cap nhung chua 13 khai niém trung
tam

Tré thanh khai niém c6t 16i trong verification

Characteristic
value

La khai niém trung tdm dé xac dinh design
value

Tr& thanh mot dang cla representative value

Derived value

Chua dugc dinh nghia hé théng ré rang

DPuoc dinh nghia rd: gid tri suy dién tir
measured values bang ly thuyét, correlation
hoac kinh nghiém

Verification
methods

Cht yéu dua trén Design Approaches va
partial factors

M& rong sang MFA, RFA, numerical methods
va reliability-based verification

Khao sat dia k§
thuat

Cht yéu phuc vu xac dinh characteristic
values

Lién két truc ti€p vai Ground Model va xac
dinh dd bat dinh

D6 khong chac
chan

Chua dugc xem xét mot cach hé théng

Pugc xem xét rd hon thdong qua ly thuyét xac
sudt va ly thuyét do tin cay

EC7 Gen 2 dwoc phat trién nham giai quyét cac han ché clia thé hé dau tién va cap nhat theo xu huéng
dia k§ thuat hién dai. Cic muc tiéu chinh cla EC7 Gen 2 bao gdm: don gian hda hé théng kiém tra trang
thai gidi han, gidm s6 lwgng phu luc quéc gia, ting mirc d6 hai hoa gitra cac qudc gia chau Au, cap nhat
cac tién bd vé khoa hoc ky thuat. Ngoai ra, EC7 Gen 2 con tang cuong ndi dung mé hinh nén (Ground
Model) v&i cac dinh nghia ré rang hon va cdc mé hinh thiét ké dia ki thuét.

L6 trinh trién khai Eurocode thé hé 2 va kinh nghiém tir Singapore
Theo 16 trinh chinh thirc cta Uy ban Tiéu chudn héa Chau Au, EC7 Gen 2 du kién dugc ban hanh vao ngay
30/09/2027 va EC7 Gen 1 s& bij rut bo vao ngay 30/03/2028 [13]. Trong khi d6, Viét Nam hién dang bién
soan cdc tiéu chuan xay dung dinh hudng theo Eurocodes tir ndm 2022 [14]. Viéc chuyén dich nay khong
don thuan 1a dich tiéu chudn ma thay ddi cac hé sinh thai di kém nhu:
e triétly thiét ké;
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e dao tao ky su;

e héthéngtham tra, phé duyét dy an;

e hé sinh thai phan mém tinh toan;

e vin hda thiét ké kj thuat.

Singapore la mdt trong nhirng qudc gia ngoai EU dp dung Eurocodes khd manh mé&. Ho d3 chuyén bd
tiéu chudn chau Au nhu EN 1990, EN 1991, EN 1992, EN 1993, EN 1997 thanh hé tiéu chuan Singapore
[15]. Singapore xay dung phu luc qudc gia phu hop va phat trién cac tai lieu hudng dan chi tiét theo
Eurocodes. Ngoai ra, cac chuwong trinh dao tao va hdi thdo chuyén mén ciling dwoc té chirc thwdng xuyén
V@i su tham gia cla nhiéu chuyén gia qudc té, dac biét trong giai doan EC Gen 2 dang dugc phat trién [16].

Viéc chuyén ddi sang EC7 Gen 2 khdng chi |a chuyén déi hé thdng tiéu chuan ma con lién quan dén
dao tao ky su, phuong phép thiét ké, quy trinh tham tra thiét ké va kha nang (rng dung mé hinh tinh toan
s6 trong dia ki thuat. Dai véi Viét Nam, qud trinh chuyén ddi nay dat ra nhiéu yéu cdu mdi vé ky thuét,
quan ly va nguén nhan lyc, dac biét trong béi cdnh EC7 Gen 2 dang hudng manh téi thiét ké theo d6 tin
cay va mé hinh sé.

Nhén xét va dé xuat

EC Gen 2 dai dién cho mdt buwdc chuyén I6n trong dia ki thuat hién dai. Mdc du EC7 Gen 2 van dang trong

qué trinh hoan thién, nhung sy thay déi ciia nd s& cé dnh huwdng téi Viét Nam khi ma ching ta dang trong

qua trinh chuyén dich cac tiéu chuan xay dwng theo Chau Au. Viéc chuyén dich thanh céng khong chi phu

thudc vao viéc dich ndi dung tiéu chudn ma con doi héi sy phét trién dong bd cla toan bd hé sinh thai k§

thuat. Doi vai Viét Nam, Eurocode thé hé 2 vira 1a thach thirc vira |3 co hdi dé:

e Han ché cic bat cp d3 duwoc ghi nhan trong EC7 Gen 1;

e Tiép can cac triét ly thiét ké dia ky thuat hién dai;

e Hién dai hda hé thdng thiét ké va kiém tra dia kj thuét;

e Thuc d3y '’ng dung md hinh hda trong thiét ké dia ky thuat.

Trong giai doan chuyén déi hién nay, Viét Nam cling c6 mét lgi thé nhat dinh do c6 thé tiép can truc
ti€p cac kinh nghiém qudc té va tranh Idp lai nhitng han ché d3 xuat hién trong giai doan dau dp dung EC7
Gen 1 tai chau Au. Trén co s& do, trwdc cac thay ddi cia EC7 Gen 2, Viét Nam cé thé xem xét ba dinh
huwéng chuyén dich chinh nhuv sau:

e Phuong an A — tiép tuc hoan thién chuyén dich EC Gen 1: Uu diém cla phuong an nay la cé thé tan
dung khdi lwong cong viéc dang trién khai, gitip qua trinh chuyén dich dién ra nhanh hon va thuan loi
hon déi véi cong dong ky suw trong giai doan dau dp dung. Tuy nhién, han ché 13 hé théng tiéu chuan
c6 thé nhanh chéng trd nén lac hau khi EC7 Gen 2 dugc ban hanh chinh thirc, din t&i nhu cau cap
nhat I&n trong thoi gian ngan. Day 1a phwong an wu tién muc tiéu sém hinh thanh hé théng tiéu chuan
duwa trén Eurocodes.

e Phuong an B — chuyén truc tiép sang EC7 Gen 2: Uu diém cla phuong 4n nay 1a trdnh phai cip nhat
nhiéu 1an va cé kha ning tiép can truc tiép hé thong tiéu chudn thé hé maéi clia chau Au. Tuy nhién,
EC7 Gen 2 cé mirc d0 phirc tap cao, nhiéu ndi dung vin dang trong qua trinh hoan thién va hé sinh
thai ky thuat hd tro chua day dd. Ngoai ra, viéc chuyén dich con gép kho khan do thiéu chuyén gia c6
kinh nghiém, tai liéu hwdng dan quéc té con han ché va khoi lwong chuyén dich thuat ngit k§ thuat
|&n. Day la phwong an cé tinh dinh huwdng dai han nhung doi hoi ngudn lwc trién khai lon.

e Phuong 4n C — chuyén dich theo huéng trung gian: Day cé thé la phuwong an phu hgp hon véi diéu
kién hién nay cla Viét Nam. Theo dd, qua trinh chuyén dich EC Gen 1 van tiép tuc duoc trién khai,
dong thoi theo ddi va cap nhat dinh hudng phat trién ciia EC7 Gen 2 ngay tlr giai doan dau. Cach tiép
can nay giup tranh phu thudc hoan toan vao tu duy cliia EC7 Gen 1 va tao diéu kién dé hé thédng TCVN
dugc xay dung theo huwdng linh hoat, thuan lgi cho viéc cap nhat trong tuong lai. Trong trwong hop
nay, EC7 Gen 1 dwoc xem nhu budc chuyén tiép nham tiép can dan triét Iy thiét k& clia Eurocodes.
Eurocodes |3 hé théng tiéu chuan dwoc phat trién trong thoi gian dai, dwa trén sy téng hop cla nhiéu

nghién ctru, kinh nghiém thiét ké& va co s& hiéu chuan do tin ciy. Do d6, qua trinh ti€p can va chuyén dich
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can c6 thoi gian nghién ctiru va thich nghi phu hop. Tuy nhién, dé tirng budc ti€p can hé théng Eurocodes

thé hé mdi hiéu qud, Viét Nam cé thé xem xét mot s6 dinh huéng sau:

e Tiép tuc qua trinh chuyén dich tiéu chuin nhung can phan biét rd thé hé Eurocode 4p dung. Vi du, cac
TCVN chuyén dich tir EC7 Gen 1 can ghi rd phién ban EN tuong &ng.

e Thanh |&p nhédm chuyén mén theo ddi EC7 Gen 2 tlir sém, bao gdm viéc nghién clru cac ban dy thao,
cdc nghién ctru hiéu chuan va kinh nghiém xay dwng phu luc qudc gia clia cadc nwdc nhv Dirc, Anh,
Phap, cac nwdc Scandinavia va Singapore.

e Phat trién cac tai liéu hwdng dan thiét ké va tai lieu dién giai k§ thuat, khong chi tap trung vao vi du
tinh todn ma con giai thich cac ndi dung nhu triét ly thiét k&, d6 khong chac chan, do tin cay va y nghia
théng ké cla céc thdng s6 thiét ké.

e Khuyén khich su tham gia ca cac hdi nghé nghiép nhw VSSMGE, cac trwdng dai hoc va té chirc chuyén
mon trong viéc dao tao ky su, td chirc hdi thdo va phd bién cac triét ly thiét ké mai cla EC7 Gen 2.
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Phat trién mang Fully Convolutional Networks (rng dung phat hién
khuyét tat vd ham

Developing Fully Convolutional Networks for Tunnel Lining Defect Detection

Lé Dinh Viét
Trudng Dai hoc Bach khoa — Pai hoc Ba Nang. E-mail: Idviet@dut.udn.vn

Tém Tat

Kiém tra khdng pha hiy bang radar xuyén dat (GPR) déng vai trd quan trong trong viéc xac dinh cac khuyét
tat trong vo ham nhu hdc rong, bong tach |dp va I6p trung gian. Nghién cttu nay gidi thiéu phan mém mo
phdng KIT-GPR va mang Fully Convolutional Networks (FCN) dé phat hién khuyét tat tu déng. KIT-GPR st
dung phuong phap sai phan hitu han mién thoi gian (FDTD) dé md phdng lan truyén séng dién tir qua cau
trac ham da l&p. FCN duoc thiét ké vdi dau vao 320x320 va 256 |&p dau ra, dat sai s6 RMSE = 0,8 & hau
hét cac kich ban. Vi tri bong tach du dodan tir B-scan mot ham thyc té tai Han Quéc khép chat vai két qua
ndi soi, cho thay tiém ndng &rng dung cla FCN trong phat hién khuyét tat sém.

Abstract

Non-destructive testing using ground penetrating radar (GPR) plays a vital role in identifying defects in
tunnel linings, such as cavities, delamination, and interlayers. This study introduces KIT-GPR, a numerical
simulation tool based on the FDTD method, and a fully convolutional network (FCN) for automated defect
detection. A modified FCN trained using 1,000 paired B-scan and permittivity datasets achieves RMSE =
0.8. Predicted delamination locations from real tunnel B-scan data closely align with endoscopic imaging
results.

Keywords: radar xuyén dat, mang tich chap day dd, khuyét tat cuc bd, vd ham.

M& dau

Qua trinh dd thi hda, dic biét 13 sy phat trién cha cac siéu d6 thi, da thac ddy viéc xy dung ngay cang
nhiéu dwdng ham — cdc cong trinh ngdm thiét yéu phuc vu ha tang giao théng (Le va cdng su, 2026). Diéu
kién dia chat duwdi long dat tiém an nhiéu rdi ro: dao dong muc nwdc ngam cé thé dan dén cac khuyét tat
cuc bd nhu héc rdng trong 1dp vira phun (grout) hay bong tach 1&p gitra vira phun va bé téng. Néu céc
khuyét tat nay mé rong va két hop, ching sé de doa nghiém trong an toan van hanh, ddc biét vdi cac cong
trinh ngam lau nam.

Kiém tra khong pha hdy (NDT) bang GPR la phuong phap hang dau dé phat hién khuyét tat vé ham (Haack
va cdng su, 1995; Dawood va cdng s, 2020). Cac phuong phap hoc sdu gan day nhu CNN (Qin va cong
sw, 2021), mé hinh da nhiém M-YOLACT (Liu va cdng sw, 2023) va hé thédng TunGPR tich hop BIM (Zhu va
cdng sy, 2024) da dugc dé xuat. Tuy nhién, bd dit liéu huan luyén chat lwong cao va cdng cu mo phong
tw dong van 13 thach thirc I&n. Bai bao nay dé xuat két hop KIT-GPR va FCN dé giai quyét dong thoi hai bai
toan: tao dit liéu moé phong tu ddng va dy doan vi tri khuyét tat tir B-scan.
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Hinh 1. Phdt hién cdc khuyét tat cuc bd trong vé hdm bdng GPR (Le va cdng su, 2026)

Phan mém md phdng KIT-GPR va thuat toan Perlin Noise

KIT-GPR 1a phan mém md phéng GPR duoc phat trién bang C#, dua trén phwong phap FDTD (Irving va
Knight, 2006). Phan mém gém 5 mo-dun: (1) khai bdo vat liéu, (2) xdy dung hinh hoc, (3) khai bdo tham
s6 ang-ten, (4) tinh todn va (5) xuat két qua. Cac tham s& dng-ten duoc trich dan tir thu vién mé gprMax
(Warren va céng su, 2016). Khoang cach bé phat—thu séng duoc thiét 1ap 76 mm, tuong rng vdi dng-ten
GPR MALA 1.2 GHz vdi tan so kich thich t6i wu 978 kHz.
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Hinh 2. Giao dién ngui ding dé hoa (GUI) cua phédn mém KIT-GPR (Le va céng su, 2026)

Diém do6t pha cha KIT-GPR 1a tich hop thuat toan Perlin Noise (Perlin, 2002) — céng cu tao ndi dung s6
ngau nhién ty nhién phd bién trong d6 hoa game — d& mo phong hinh dang 16p trung gian (interlayer),
h&c rong va bong tach. Thuat todn tao ra cac dudng cong phirc tap, gan véi thuc té hon so véi phuwong
phap Bézier truyén théng (Zhu va cdng sw, 2024). Bd tham sé Perlin Noise gdbm bién dd, tan sd, persistence
va octaves duoc diéu chinh dé da dang héa bo dir liéu huan luyén (Le va cong sw, 2026).

Céac kich ban khuyét tat va danh gia KIT-GPR

B6n kich ban khuyét tat téng hop duoc xay dwng dé kiém chirng KIT-GPR (Le va cdng su, 2026): (a) chi
c6 16p trung gian (interlayer), (b) interlayer két hop hdc rong, (c) interlayer két hop bong tach va (d) két
hop ca ba dang. M&i mé hinh gdbm ba I&p chinh: bé téng c6t thép, vita phun (grout) va da (rock). Khoang
cach c6t thép 400 mm, I&p cbt thép cdch mat trén 150 mm. Budc quét dng-ten 0,01 m trén chiéu rong
mo hinh 2 m, buwdc thoi gian At = 8,33x107"2 gidy. Cac thong sé vat liéu dugc trinh bay trong Bang 1.
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N=1: f-0.005; p=0.005 N1 000 p0.01 N=1; f<0.02: p=0.02

N=4; f0.005; p=0.005 N=d: 0013 p=0.01 N=d; f-0.02: p=0.02

N=8; £=0.005: p=0.005 N=8: f=0.01: p=0.01 N=8: f=0.02; p=0.02

Hinh 3. Ban dé dé cao st dung Perlin Noise 2D vdi cdc tham sé khdc nhau (Le va cdng su, 2026)

Bang 1 Thudc tinh vt liéu cho cdc kich ban mé phong (Le va cong su, 2026)

Vat liéu Hang s6 dién mai twong doi D06 dan dién (mS/m)
Khéng khi (héc, tach) 1 0
Bé tong 8 0,0001
Pa (Rock) 6 0,001
Vira phun (Grout) 12 0,1
Case | Case Il
Concrete ;‘—'S' ";.g:
he!
L - N
Case lll Case IV

(c) ‘ (d) ‘

Hinh 4. Cdc kich bdn mé phdng: (a) Chi interlayer, (b) Interlayer + héc réng, (c) Interlayer + bong tdch, (d) Két
hop cé ba (Le va céng su, 2026)
K&t qua so sanh A-scan gitta KIT-GPR va gprMax (Warren va cong s, 2016) cho thay su twong déng cao &
ca bén kich ban. KIT-GPR phat hién chinh xac tin hiéu phan xa tir héc rédng va vung bong tach, xac nhan do
tin ciy cla céng cu (Le va cong sw, 2026). Hé s& khuéch dai (gain factor) dugc dp dung dé tang cudng bién
dd séng phan xa, cai thién khad ndng nhan dang céc dac trung quan trong nhu c6t thép, hdc va bong tach
trong B-scan.
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Hinh 5. So sdnh A-scan gitra KIT-GPR va gprMax: (a) Kich bn | — Chi interlayer, (b) Kich bén Il — Interlayer + héc
réng (Le va céng su, 2026)
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Hinh 6. B-scan vdi hé s6 khuéch dai tin hiéu cho bén kich ban (Le va céng su, 2026)

Kién truc va cdu hinh mé hinh FCN

Mang tich chap day du (FCN) (Long va cong sw, 2015) duoc thiét ké dé du dodn ban d6 phan bd hang s6
dién moi tir di liéu B-scan (Le va cong sy, 2026). Dau vao la ma tran 320x320 (chun hda [0;1]), trong do
moi ¢t 1a mot A-scan tai mot vi tri quét. Ma tran dich 1a ban d6 hang s dién méi 320x320 dugc tao ty
ddng bdi KIT-GPR. So v&i GPRInvNet (Liu va cdng sy, 2021) st dung 432.000 cdp dit liéu vai dau vao hinh
chi* nhat, FCN cla nghién ctru nay chi can 1.000 cap v&i ma trdn vudng, linh hoat hon cho di liéu thyc té
c6 kich thudc bat ky.

M& hinh FCN st dung trong s6 huén luyén trudc tlr VGG-16 (Simonyan va Zisserman, 2014). Thay vi nhan
van ban, nghién ctru dé xuat 256 1&p tuong ng véi hang sd dién moi 0-25,5 (c6t thép = 25,5). Kién tric
FCN gébm: (1) khéi tich chap nén thdng tin tlr 320x320x3 xudng 10x10x2048; (2) khéi giai tich chap tai tao
ban d6 phan gii cao qua céc skip connection (Le va cong sy, 2026). Bd t6i wu héa Adam (Ir =0,0001), ham
mat mat BCELoss, lich gidm t6c dé hoc theo cdp sé nhan (y = 0,985), hun luyén trong 1.000 epoch.

Tao dir liéu hudn luyén tw ddng véi KIT-GPR

KIT-GPR tich hgp cdng cu tao di¥ liéu tw dong cho 4 kich ban (250 mé hinh/kich ban, téng 1.000 mé hinh)
(Le va cOng sw, 2026). Thuat todn phat hién bong tach tw dong: xac dinh diém cong 16i/1dm trén dudng
interlayer - tim tam gidc I&n nhat - 18y hai diém ddy lam diém dau/cudi - két néi bang Perlin Noise 1D.
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Céc tham s6 vat liéu duwoc ngau nhién hoéa trong dai quy dinh (da: € = 6-9; bé téng: € = 9-12; grout: € =
12-15). Tap di¥ liéu phan chia: 80% huan luyén, 10% kiém dinh, 10% kiém tra, xdo trén 100 lan trwdc khi
phan chia.

Dataset Preparation Process Training Process Evaluation
KIT-GPR Program
(Automated datasets gencration)
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Hinh 8. Cdc burdc phdt hién bong tdch tw dong dwa trén duong interlayer (Le va céng su, 2026)

Két qua du doan va danh gia md hinh FCN

M hinh FCN dat do chinh xac cao & céc trwong hop khuyét tat don 1é. RMSE thap nhat dat 0,814 & kich
ban interlayer + bong tach. Nguwoc lai, RMSE ting cao (2,706—2,993) khi héc réong nam gan vung bong tach
hodc tiép gidp bé téng, do séng dién tir bi suy giam khi xuyén qua bé tdbng mat dé cao (Le va cdng su,
2026). Bang 2 trinh bay két qua RMSE cho 8 tuyén mit cat dai dién.

Kiém chirng trén dir liéu do thwc té tai Han Qudc

Dt liéu B-scan tir dwdng ham tai khu virc Gangwon, Han Qudc (doan $S293) do Co quan An toan DAt va Ha
tang Han Qudc (KALIS) cung cap dwoc dung dé kiém chirng FCN. Vung bong tach d3 dwoc xac nhan bang
ndi soi qua 16 khoan: dai 4 m, rong 2 m, chiéu cao khe h& 0,3 m. Nhiéu nén B-scan duoc loai bd bang ky
thuat Eigenvalue (Khan va Al-Nuaimy, 2010) trwdc khi dwa vao FCN. K&t qua dy dodn xac dinh dugc: viung
khong khi (A), vira phun (G), da (R) va bé tong (C). Pac biét, vung 7-8 m theo phuong ngang cé mat dé
séng phan xa cao nhat, trung khép vdi vi tri bong tach xac nhan bang ndi soi (Le va cong su, 2026).
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Hinh 9. Két qué dw dodn bén d6 hdng sé dién méi bdng FCN cho cdc kich ban khuyét tat (Le va cong su, 2026)
Bdng 2. Phdn tich théng ké RMSE: gid tri dw dodn FCN so vdi gid tri thuc té (Le va cdng su, 2026)

M3t cat RMSE
Tuyén | — chi interlayer 1,655
Tuyén Il — interlayer + hdc + bong tach (héc gan bong tach) 2,706
Tuyén Il — theo truc hdc (héc & gitra grout) 1,456
Tuyén IV — theo truc bong tach (héc & gitta grout) 1,607
Tuyén V —theo truc héc (héc duédi bé tdng) 2,196
Tuyén VI —theo truc bong tach (héc dudi bé tdng) 2,993
Tuyén VIl — interlayer + h&c rong 2,373
Tuyén VIl — interlayer + bong tach 0,814

Két luan va kién nghi

Nghién cru nay trinh bay cach tiép can toan dién két hgp moé phdng s6 GPR va FCN dé phat hién khuyét

tat cuc bé trong vo ham. Cac déng gbp chinh:

e Phat trién thanh cong KIT-GPR bang C# vé&i GUI linh hoat, tich hgp Perlin Noise tao dit liéu huan luyén
da dang va thuat toan ty dong tim vi tri bong tach.

e KE&t qua A-scan tlr KIT-GPR kh&p tot véi gprMax (Warren va céng suw, 2016) & ca bén kich ban, xac nhan
d6 chinh xac cong cu.

e FCN dat dd chinh xac cao vai khuyét tat don |é (RMSE thap), nhung giam hiéu qua trong cac tinh huéng
phtrc tap do nhiéu tin hiéu.

e Kiém chirng thuc dia tai Han Quéc xac nhan FCN dy dodan vi tri bong tach phu hop vdi két qua ndi soi.
Huwdng nghién ctru tiép theo: tdng cuwdng dit liéu thuc nghiém; két hop GPR da tan s6; cai tién FCN

bang co ché& chu y da ty & (multi-scale attention) hodc mé hinh lai tich hop kién thirc vat ly; mé rong ing

dung sang kiém tra két cdu duwong ray va mat dudng bo.
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Tém T3t

Tran déng dat Pazarcik nam 2023, c6 d6 1on My 7,8, d3 gy ra thiét hai dang ké tai khu vuc ven bién
iskenderun, Thé Nhi Ky. D liéu phuc vu phan tich ngwoc tng xr cdng trinh tai iskenderun duoc téng hop
tlr cac khao sat sau dong dat va céc nghién clru dac trung dia chat cong trinh mot cach toan dién. Chuyén
dong nén dau vao tai “dd géc ky thudgt” dugc xay dwng dua trén cac ban ghi gia toc thu duoc tir mot tram
do dat trén nén da 1an can va mot tram do dat trén nén dat cirng, nham phuc vu phan tich dap &ng dia
chan tai cac vi tri cong trinh & iskenderun. Cac chuyé&n ddng nén nay duoc st dung trong phan tich s phi
tuyén hai chiéu bang phan mém FLAC, két hop v&i cdc mé hinh PM4Sand va UBCHyst, cho nhém bén cong
trinh tai iskenderun. Muc tiéu 1a nghién clru hién twong lGn cdng trinh do hoa |6ng dat ddi vdi cac két cau
bé tdng c6t thép trung tang dat trén mong bé. K&t qua cho thay cac céng trinh bi lun chim vao nén dat khi
|&p cat nam duwdi 1dp san 1ap bi hda Idng trong tran dong dat, phu hop véi két qua phan tich s6. Nhin
chung, cac phan tich s6 d3 mé phong dang tin cay (rng x{r ca hé cdng trinh—nén dat, phu hop véi cac két
qua khdo sat sau déng dat va cung cap nhitng nhan dinh hitu ich vé co ché lun do héa 1&dng dat.

Abstract

The 2023 Pazarcik earthquake, with My = 7.8, caused significant damage in the coastal area of iskenderun,
Tirkiye. The data used for the back-analysis of building response in iskenderun were comprehensively
compiled from post-earthquake reconnaissance surveys and geotechnical characterization studies. Input
ground motions at the “engineering bedrock” were developed based on acceleration records obtained
from a nearby rock-site station and a stiff-soil station. These ground motions were used in 2D nonlinear
analyses conducted with FLAC, PM4Sand and UBCHyst models, for four adjacent buildings. The aim was
to investigate liquefaction-induced building settlement in mid-rise reinforced concrete structures
supported by mat foundations. The results indicate that the buildings sank into the ground when the sand
layer beneath the gravel fill liquefied during the earthquake, which is consistent with the numerical
analysis results. Overall, the numerical analyses reliably simulated the structural response, showed good
agreement with the post-earthquake reconnaissance observations, and provided useful insights into the
mechanism of liquefaction-induced settlement.

Keywords: k§ thuat dong dat; phan tich s phi tuyén; cong trinh; phan tich nén-mdng & ving hda ldng
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Mé& dau

Céc hién twong lun cdng trinh 1&n do hoa |dng dat d3 tirtng dwoc ghi nhan tai khu vue ven bién iskenderun
trong cac trdn dong dat lich sir (1916 va 1964). Hién tuwong twong tu ti€p tuc xuat hién trong tran déng
dat Pazarcik Mw 7,8 ndm 2023. Nghién ctru nay phan tich nhém bén céng trinh lién ké tai quan Cay cla
iskenderun (Thé Nhi Ky), dwoc goi la “khu vire 4 céng trinh” va thudc “Khu vire 1”7 theo cac tai liéu khao
sat sau tran déng dat va khao sat dia chat (Moug va céng su, 2024; Arnold va cdng sw, 2025). Bén cong
trinh nay I3 két cdu khung bé tong cét thép (BTCT) cb tudrng chén va sir dung mdong bé BTCT véi hinh anh
cla hai toa nha dién hinh dugc trinh bay & Hinh 1a. D6 Iin trung binh do hda 16ng dao ddng tir 470 mm
dén 710 mm (Moug va cdng su, 2023). Cic phuong phdp dénh gid kha nang hda 1dng st dung dit liéu
xuyén tinh (CPT) tai Khu viec 1 cho thay hé sé an toan chéng hda l6ng (FS.) (Arnold va cdng s, 2025) va
hé s6 an toan strc chiju tai sau hoa l6ng (FSsc) (Bray va Macedo, 2017) déu nho hon 1,0. Trong truong hop
nay, cac phuong phép thiét ké thdng dung dé dy bao dd lun cdng trinh do hda Iéng (Bray va Macedo,
2017; Bullock va céng s, 2019) thuwong cé do khong tin cdy cao. Cac phan tich déng luc hoc dac truwng
cho vi tri ¢ thé cung cap hiéu biét sdu hon vé rng x(r téng thé cha cdng trinh hodc nhdm cdng trinh trén
nén dat cé kha ndng hda 16ng. Vi vay, cac phan tich nay dwoc thyc hién nham nghién ciru twong tac cong
trinh-dat nén-cong trinh (SSSI) cdia nhém bén cdng trinh néi trén.

Chuyé&n ddng nén dau vao

Cac tram ghi gia tdc nén (SMS) gan nhat cé ban ghi st dung duoc cta tran dong dat Pazarcik My 7,8 la TK-
3115 (nén d4t) va TK-3116 (nén d4) (Arnold va céng s, 2025). Gia tri trung binh hinh hoc cta gia toc cuc
dai nén (PGA), van t6c cuc dai nén (PGV) va van toc tuyét déi tich Ity (CAV) ghi nhan tai TK-3115 lan lwot
1a 0,27 g, 46 cm/s va 2,7 g-s; trong khi tai TK-3116 cac gia tri twong &ngla 0,17 g, 39 cm/s va 1,5 g-s. Dao
doéng do cac duw chan tai iskenderun khong dang ké. D& xét dén su khdng chac chan khong gian clia chuyén
doéng nén, cac dai lvgng cudng d6 chuyén ddng nén do Pretell va cong su (2024) phét trién dwoc sir dung
dé xac dinh gid tri trung binh, phan vi 16% va 84% cla cac tham sé chinh. K&t qua wdc tinh tai khu vyc 4
céng trinh cho thiy PGA dao déng tir 0,21 g dén 0,42 g, PGV tlr 47 cm/s dén 110 cm/s va CAV tir 2,2 g-s
dén 3,9 g-s. Cac gia tri nay phu hop hon véi ban ghi tai tram do TK-3115, do day la tram duoc dat trén
nén dat cirng thay vi nén da nhw TK-3116.

Cac chuyén déng nén dau vao cho phan tich sé dwoc xay dwng tir cdc ban ghi tai TK-3115 (phwong
phép 1) va TK-3116 (phuong phap 2), két hop véi cac dai lwong do cudng d6 ndi suy nham phan anh diéu
kién ngudn dia chan va dia chat tai khu vuc bén cong trinh dwoc phan tich. Qua trinh xay dwng chuyén
dong dau vao xét dén su khdc biét vé khoang cach tir ngudn dén vi tri cdng trinh (Rrup) va cau tric phan
b& van t6c séng cat gilta khu vuc 4 cdng trinh va cac tram SMS. Gia tri van t8c séng cat trung binh trong
|&p dat sdu 30 m dau tién (Vs3o) tai TK-3115 va TK-3116 lan luot 1a 424 m/s va 870 m/s (AFAD-TADAS,
2023). M6t hé s6 hiéu chinh bién d6 trung binh dwoc ap dung cho cac ban ghi chuyén dong nén nham xét
dén su khéc biét didu kién nén dat gitra cac vi tri. Hé s& nay dugc xac dinh bang cach so sanh phd gia toc
trung binh véi d6 can 5% trong toan bd mién chu ky quan tdm gitra khu vue 4 cong trinh va cac tram do,
twong &ng va&i khoang cach dirt gdy gan nhat, Rrup, va van téc song cat, Vsso, cla tirng vi tri.

Piéu kién dja ting, mé ta céng trinh va rng x{r cdng trinh
Diéu kién dia tang tai khu vuc 4 céng trinh dugc dac trung théng qua 15 thi nghiém xuyén tinh CPT thuc
hién gan cac cong trinh J, I, G va H nhu thé hién trong Hinh 1b (Macedo va cdng sw, 2025). Biéu d6 sirc
khang mii xuyén hiéu chinh (gt) va chi s& loai (rng xtr clia dat (Ic) cho mit cit bén dudi cong trinh J va cong
trinh | dugc trinh bay trong Hinh 2. Diéu kién dia tang tai khu vuc nghién ciru twong déi déng nhat. Muc
nwdc ngdm do dugc trong qud trinh khoan khao sat khoang 1,0 m, trong khi muc nwdc ngdm trudc déng
dat dugc wdce tinh vao khodng 1,5 m dudi mat dat (Arnold va cong su, 2025).

Lép dat dap soi (Iop dat 1) kéo dai tir mdt dat dén do sdu khoang 3,0 m, v&i d6 chat tuwong ddi (Dy)
khoang 80% dua trén gia tri xuyén tiéu chuan hiéu chinh (N1)so. Gid tri nay dugc xac dinh tir di¥ liéu SPT
bdi Ozener va cdng su (2024) va hiéu chinh nang lwgng thong qua so sanh véi dit liéu CPT. Bén dudi la
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|&p cat sach dén cat pha bui dé hda 1dng (1&p dat 2), cé chi so Ic tir 1,7-2,1 va kéo dai dén d6 sau khoang
10 m. B chit twong d6i twong duong cla “cdt sach” trong |&p nay dao déng tir 55-65%. Lép dat 3 1a 16p
bui sét dén sét pha bui xen kep, ¢ I tir 2,4-3,0 va kéo dai dén dd sdu khoang 15 m. Bén dudi la |op sét
khdng hoa 16ng (Lop dat 4) védi I trung binh I&n hon 3,0, kéo dai it nhat dén d6 sau 43,5 m. Két qua do
van t&c séng cat (Vs) tai tram do chuyén ddng nén |an can (vi du nhu tram do TK-3112) cho thay chuwa phat
hién da gdc dén do sdu khoang 100 m. Tuy nhién, sy twong phan tré khang dang ké duoc ghi nhan & do
sdu 50-70 m, do d6 “dd géc ky thudt” duoc gid dinh & d6 sdu 60 m.

B&n cdng trinh nghién clru la cdc két cdu khung BTCT ¢ tudng chén cao 6 tng, str dung méng bé BTCT.
M®i cong trinh c6 mot tAng ham toan phan hodc ban phan va mét tang lirng. Kich thuwdc cdng trinh khoang
11 m theo phuong déng-tay va 13,9-16,5 m theo phuong bac-nam. Hé chju lwc ngang gom cot va vach
cirng BTCT. Tang ham sdu khodng 2,5 m duwdi mat dat. Cong trinh J va G si* dung mong bé day 50 cm két
hop hé dam giao nhau sdu 1 m, phan gilra dwoc 1ap dat dam chat; trong khi céng trinh | va H chi st dung
maéng bé day 50 cm khéng c6 dam giao nhau (Arnold va cong su, 2025).

Do 1tn cong trinh duwoc xac dinh bang quét LIDAR va do thi cong bang may laser bdi Moug va cong s
(2024). K&t qua cho thay dd lun trung binh rat Idn: 560 mm ddi véi cdng trinh H, 710 mm ddi v&i cong
trinh G, 660 mm ddi v&i céng trinh J va 470 mm d6i véi cdng trinh 1. Sai s6 wdc tinh khoang 20 mm déi vai
LiDAR va 50 mm d&i v&i do tha céng. Cac gia tri lun dugc xac dinh tuong d6i so vai mot diém tham chiéu
dai dién cho diéu kién nén tu do (khéng anh hudng bdi cac cong trinh), vén cling c6 kha nang chiju lin thé
tich do héa 1&dng. Vi vay, phan I&n dd Iun do duoc chl yéu do lUn cit gay ra bai tai trong cong trinh. Lun
do cét phun tréi chi @ mirc khéng ddng ké dén nhé gan cac cong trinh. Do 1Gn thé tich do hoéa 1dng duorc
wéce tinh khodng 160-250 mm tai tat ca cac vi tri CPT bang phuong phap phan tich 1tn nén mét chiéu
(Zhang va cdng su, 2002; Arnold va céng su, 2025). Phan tich hda I6ng cho th3y hé s6 an toan chéng hda
ldng clia Unit 2 thap, vdi FS. = 0,3-0,6 (Arnold va cdng sy, 2025), va ty s6 strc khang cat du sau hoa léng
trung vi (sr/o\')) khoang 0,1 (Olson va Stark, 2002; Idriss va Boulanger, 2008). Theo Bray va Macedo (2017),
hé s6 an toan strc chiu tai sau hda 1dng FSgc clia ca bdn cong trinh chi dat 0,5-0,8, cho thay cac céng trinh
d3 xay ra hién tugng xuyén lin dang ké, phu hop véi quan sat thyc dia.

36°10°43” 36°10'44” 36°10'45" 36°10'46”

36°3527"

36°3526"

Estimated  ground  Jevel
below reference (middie

of courtyard): GPT"S'M ;
1

# from fiand survey
# from LiDAR analysis
> from fiood water levels

Hinh 1. (a) Hinh énh cta céng trinh J va I, va (b) Mdt bdang bén céng trinh G, H, | va J va vj tri cda cdc hé khoan
cua thi nghiém xuyén tinh (CPT)
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Hinh 2. Mt cdt dia chdt, vdi cdc théng sé chi sé loai trng xwr dét (Ic) va sitrc khdng miii xuyén hiéu chinh (g:) cho
mdt cat A-A (céng trinh J va )

Phan tich sé phi tuyén theo (rng suat hiru hiéu

Céc phan tich s8 phi tuyén theo hai chiéu (2D) dwoc thuc hién bang phan mém FLAC phién ban 8.1 (Itasca,
2019), str dung mé hinh PM4Sand (Boulanger va Ziotopoulou, 2023) cho vat liéu cét, cat pha va sdi san
|&p, cung md hinh UBCHyst (Naesgaard, 2011) cho dat sét khong bi hda 1dng. Cac théng sé nhu dung trong
(1) va strc khang cat khong thoét nudc (sy) duoc xac dinh theo (Robertson va Cabal, 2022) v&i hé s6 hiéu
chinh gia tang do tai trong dong bang 1,5 (f=1.5). Tham s& cia m6 hinh PM4Sand duoc hiéu chinh théng
qua m6 phdng cat don gidn truc ti€p khong thoat nwdc, trong khi cac tham sé clia UBCHyst duoc xay
dung dya trén gia tri trung binh clia 7, su, mo6 dun cét (G) va md dun khéi (B). Cac théng s6 vat liéu con lai
duoc st dung theo gia tri mac dinh theo dé xuat cta Naesgaard (2011), va Boulanger va Ziotopoulou
(2023).

Céc cu kién cong trinh dugc md hinh héa bang phan tlr dam dan hoi véi dung trong bé téng 25 kN/m3
va md dun dan hoi 2,5x107 kPa. Dé xét dén suy gidm do cirng do su hinh thanh vét nit han ché theo nhu
quan sat ca Moug va cdng sy (2024), d6 clrng ubn cla cét, vach, dam va san duoc giam lan luot theo cac
hé s6 0,9; 0,7; 0,7 va 0,6. Chu ky dao ddng co ban cla cac cdng trinh ngam cing khodng 0,34-0,37 s. M&
hinh sai phan hiru han cho cong trinh | va J dwgc trinh bay & Hinh 3.

K&t qua phan tich, dwoc trinh bay & Hinh 4 va 5, cho thay ap luc nwdc 16 rong du 1&n phat trién trong
|&p cat hda ldng (I6p dat 2), ddc biét tap trung & phan day |dp nay. Bién dang cdt |&n nhat (ymax) dat khoang
30-50% xuat hién bén duwdi cac cdng trinh va lan rong vao vung dat hda 1dng xung quanh. Cac vung bién
dang cat 1&n cho thay co ché pha hoai xuyén 1tn xay ra khi dp lwc méng vuot qud strc chiu tai suy giam
clUa nén dat sau hoa 1édng. Co ché nay phlu hop vdi gia tri FSsc wdc tinh va cac quan sat thuc dia. D6 lin
tinh todn cha coéng trinh J khoang 560-870 mm va cla cong trinh | khoang 435-510 mm, kha phu hop véi
gia tri do thuc té. Két qua cho thdy md hinh phéan tich déng lwc hoc phi tuyén theo &ng suat hiru hiéu d3
mo phdng hop ly trng x& dia ki thuat va két ciu cha cac cong trinh trong tran ddng dat Pazarcik ndm 2023
& Thé NhT KY.
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Hinh 3. M6 hinh sai phdn hiru han dwoc phdt trién cho cong trinh J va | (mét cat A-A’) bang phdn mém FLAC

phién bén 8.1
a) Maximum excess pore pressure ratio Building J Building |
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(a) Excess pore water pressure ratios with input motions developed using Method 1
b) Maximum shear strain (%) Building J Building |
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(b) Maximum shear strain with input motions developed using Method 1
Hinh 4. Hé s6 dp lwc nwoc 16 rong thdng duw gia tdng va bién dang cdt Ién nhét khi st dung chuyén déng déu vao
dwoc xdy dung theo phuong phdp 1, tinh todn bdng mé hinh, wdc lwgng bdng mé hinh sai phén hitu han phdt
trién cho céng trinh J va | (mdt cdt A-A’)
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Hinh 5. Bé lun cta (a) céng trinh J va (b) céng trinh | vdi chuyén déng nén déu vao phdt trién bang phwong phdp
1 va phwong phdp 2

Két luan

B6n cdng trinh nhidu tang BTCT cd twdng chén tai iskenderun d3 bj Itn ddng ké do hoda 1dng dat trong tran
doéng dat Pazarcik ndm 2023 & Thd Nhi Ky. K&t qua 1in tinh todn tir phan tich sé phi tuyén theo (rng suat
hitu hiéu d&i vdi cdp cong trinh lién k& phu hop kha tét véi quan sat thuc dia. Bién dang cat Ion, khoang
50%, phat trién trong I&p cat roi dé héa long (I6p dat 2), tao thanh cac mat trugt cho thay co ché pha hoai
xuyén lin. Do d6, co ché xuyén lun dugc xem |13 nguyén nhan chinh gay ra lin cdng trinh do bién dang
cat, phu hop vdi cac gia tri FSec nhd hon 1. Phan tich s& phi tuyén theo rng suat hitu hiéu cung cap hiéu
biét quan trong vé co ché 1tn do héa 16ng va cé thé uéc tinh hop ly d6 1Un cdng trinh do bién dang cat.

Lo'i cam on

Nghién clru nay duwoc hd tro mot phan béi Quy Khoa hoc Quéc gia Hoa Ky theo cac khodan tai tro s6 CMMI
2338023-24,-25,-26. Nghién ctru st dung dit liéu duoc thu thap théng qua Hiép hdi NSF-GEER theo khoan
tai tro s6 CMMI11826118. Moi y kién, két qua hodc khuyén nghi trong nghién clru nay la cla céc tac gid va
khdng nhat thiét phan dnh quan diém cta Quy Khoa hoc Quéc gia Hoa Ky. Nghién cru cling nhan duoc
hd tro tai chinh tir Taiwan Building Technology Center & Pai Loan.
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Panh gid strc chiu tai coc bé téng ly tdm du &ng lwc trong dat yéu
tinh Vinh Long

Evaluation of prestressed spun concrete pile bearing capacity in soft soil at Long Chau
Ward, Vinh Long Province

Lam Ngoc Qui
Truong Pai hoc Xdy dwng Mién Tdy. E-mail: lamngocqui@mtu.edu.vn

Truong Cong Danh
Céng ty Cé phén Tw vén X@y dwng Vinh Long. E-mail: truongcongdanhtvtl@gmail.com

Tém Tat

Trong diéu kién dat yéu & Vinh Long, coc bé téng ly tam du &ng luc dugc sir dung phé bién cho cac cong
trinh cé tai trong twong ddi I&n. Tuy nhién, két qud xac dinh src chiu tai coc theo chi tiéu dat nén, thi
nghiém SPT, thi nghiém nén tinh va mé phdng sé thudng cé sy khéc biét dang ké. Bai viét nay tém lwoc
mot nghién ciru rng dung déi véi coc dwdng kinh 0,5 m, chiéu dai 47 m tai phwdng Long Chau, tinh Vinh
Long. K&t qua cho thay mo phong Plaxis 3D, khi dwoc hiéu chinh bang s6 liéu thi nghiém nén tinh, cé kha
ndng phan 4nh tot hon co ché lam viéc dat - coc trong nén dat yéu, dong thdi ho tro lwa chon gid tri stre
chiu tai thiét k& an toan va hop ly hon.

Tir khéa: coc bé tong ly tdm du (rng lwc, dat yéu, Plaxis 3D, thi nghiém nén tinh coc, TCVN 10304:2025.

Abstract

In the soft soil conditions of Vinh Long Province, prestressed spun concrete piles are commonly used for
structures subjected to relatively high loads. However, the pile bearing capacities determined based on
soil parameters, SPT results, static pile load tests, and numerical simulations often show considerable
discrepancies. This paper summarizes an applied study on a pile with a diameter of 0.5 m and a length of
47 m in Long Chau Ward, Vinh Long Province. The results indicate that Plaxis 3D numerical simulation,
when calibrated against static pile load test data, can more accurately reflect the soil—pile interaction
mechanism in soft ground. It also provides a useful basis for selecting a design pile bearing capacity that
is both safe and technically reasonable.

Keywords: prestressed spun concrete pile, soft soil, Plaxis 3D, static pile load test, TCVN 10304:2025.

M& dau

Trong cac dé thj vung Bong bang séng Clru Long, diéu kién nén dat y&u ludn [a mot trong nhitng yéu té
chi ph8i manh dén lua chon gidi phdp méng. Tai Vinh Long, nhiéu céng trinh dan dung va cdng cdng phai
st dung méng coc dé truyén tai trong xuéng cac ldp dat sadu hon, cé kha ning chju luc tét hon. Trong
nhom giai phdp nay, coc bé téng ly tdm du &ng lwc duwoc dung kha phé bién nhd cwdng d6 cao, chat luvgng
ché& tao 6n dinh va tién d6 thi cong nhanh.

Mdc du vay, viéc xac dinh strc chju tai cwc han cla coc trong nén dat y&u van khong don gidn. Cac
phuong phdp tinh toan theo tiéu chuin, theo k&t qua xuyén tiéu chuan SPT, theo thi nghiém nén tinh hién
truong hodc theo mé hinh s cé thé cho cac gia tri khac nhau. N&u lya chon gid tri thiét ké qua thap, cong
trinh c6 thé bj tang chi phi méng; ngwoc lai, néu danh gid qua cao, rli ro vé bién dang va an toan nén
mong sé tang lén.

Bai viét nay dwoc bién soan tir két qua nghién ctru tai khu viue phuong Long Chau, tinh Vinh Long, nham
gidi thiéu céach tiép can két hop gitra TCVN 10304:2025, thi nghiém nén tinh theo TCVN 9393:2012 va md
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phéng Plaxis 3D trong danh gia strc chiu tai coc. Néi dung duoc trinh bay theo huéng &rng dung, phu hop
v@i nhu cdu tham khdo cla ky su thiét ké, tw van khao sat va cac don vi quan ly du an tai dia phuong.

Bdi canh dia ki thuat va ddi twong phan tich

Coc nghién ctru 1a coc bé tong ly tam du ung luc duong kinh 0,5 m, chiéu dai 47 m, dugc st dung trong du
an xay dung toa nha diéu hanh tai khu vuc phudng Long Chau. Strc chiu tai thiét ké theo hd so nén tinh 1a
1.500 kN, trong khi tai trong thi nghiém gidi han dat 3.300 kN.

M3t cat dia chat tai khu viee nghién cru cé |&p dat yéu phan bé day, gdm cac I&p bun sét va bun sét
pha & trang thai chdy dén déo chay, kéo dai dén dé sau Ion. & phian sdu hon xuét hién cac I16p sét pha déo
cirng - nlra cirng va |dp cat pha chat dén rat chat. Dc diém nay lam cho ma sat thanh coc trong cac 16p
dat yéu cd vai tro quan trong, trong khi sirc khdng miii chi dugc huy déng rd hon khi miii coc tiép can 1op
dat t6t hon.

Bdng 1 Théng tin tém tdt vé coc va nén dét nghién ciru

NGi dung Thong tin chinh

Loai coc Coc bé tong ly tam du ing luc

Pudng kinh va chiéu dai D=0,5m;L=47m

Diéu kién nén dat L&p dat yéu day, chi yéu bun sét va bun sét pha trang thai chay dén
déo chay

Gia tri dung kiém chirng Thi nghiém nén tinh coc hién trudng

Phan mém mé phong Plaxis 3D V23; mé hinh da4t Mohr-Coulomb; mé phong thi céng theo
giai doan

Céach ti€p can danh gia strc chiju tai coc
Trong nghién clru goc, strc chiju tai cuc han cha coc dugc xac dinh theo ba nhdm phuong phap va duoc
ddi chiéu vadi két qua thi nghiém nén tinh hién trudng. Cach ti€p can nay cé wu diém la khong phu thudc
vao mét ngudn sé liéu duy nhat, ma cho phép nhan dién mirc dd chénh léch gitra ly thuyét, thuc nghiém
va mo phéng sé.

Phuong phép theo chi tiéu co ly cha dat nén: sir dung céc théng sd thi nghiém trong phong va hién
truong dé tinh sirc khang miii, ma sat thanh theo TCVN 10304:2025.

Phuong phap theo SPT: s dung két qua xuyén tiéu chuan dé udc lvgng sire chiju tai gidi han cla coc
theo phu luc cia TCVN 10304:2025.

Phuong phap mé phdng sd: xay dung mé hinh Plaxis 3D, md phdng coc bang phan t& khéi (volume
pile), c6 phan tl ti€p xuc gitra dat va coc, gia tai theo tirng cap tuong tu thi nghiém nén tinh.

Thi nghiém nén tinh hién truong: dwoc xem 13 co s& kiém chirng chinh d&i véi diéu kién lam viéc thuc
té cla coc trong nén dat tai cdng trinh.

Trong md hinh Plaxis 3D, viéc mé phdng theo tirng giai doan gilp theo d&i sy phat trién chuyén vi dau
coc, phan b (rng suat va vung bién dang xung quanh coc. DAy la lgi thé quan trong so vdi cac cdng thirc
giai tich don gidn, nhat 13 trong nén d4t yéu cé chiéu day 1&n va su phan I&p phirc tap.

3 Modity soil layers o X
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Materal Top Bottom
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J=Loo 24Mobifone 13,00
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Hinh 3. Gia téi 1 cép Hinh 4. Gia/dé& tai tirng cdp

Két qua so sanh

K&t qua tinh todn cho thdy cac phuwong phap cho gid tri strc chiu tdi cuc han khdc nhau. Gid tri theo SPT I3
nho nhat, dat 2.488 kN. Phwong phép theo chi tiéu co ly cho gid tri 2.634 kN. M6 phdong Plaxis 3D cho gié
tri 2.831 kN, gan hon vai két qua thi nghiém nén tinh hién trudng 13 3.300 kN.
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Bdng 2 Gid tri sirc chju tdi curc han cua coc theo cdc phuong phdp

Phwong phap SCTCH (kN) Nhan xét ngan
Chi tiéu co' Iy 5 634 P_hAu ho‘p\ cho tinh toan so bd, can kiém chirng bang s6 liéu
hién trudng
SPT 2.488 Cho gié tri thap nhat do I&p dat yéu day va chi sé SPT nhd
Plaxis 3D 5 831 Gin hon v&i két qua nén tinh; phan anh tot hon twong tac
dat - coc
Nén tinh hién trudng 3.300 Co s& kiém chirng chinh trong diéu kién cong trinh cu thé

Mot sd nhan xét chuyén mén

Su khac biét giira cac phwong phép 1a diéu cé thé du doan trong diéu kién nén dat yéu. Phuong phap SPT
thudng nhay véi chat lvong 1ay mau, trang thai dat va ddc diém thi nghiém xuyén trong dat mém. Khi chi
s6 SPT nhd trong pham vi chiéu sdu |&n, gia tri strc chiu tai tinh theo SPT ¢é xu huéng thap, do d6 khong
nén s dung nhu co s& duy nhat dé quyét dinh strc chju tai thiét ké.

Phuwong phdp theo chi tiéu co ly ciia dat nén cé vu diém [a bam sat khung tiéu chuan va dé 4p dung
trong thuc hanh thiét k&. Tuy nhién, cac thong s& dau vao thudng duoc xac dinh tir mau dat quy mé nhd,
trong diéu kién thi nghiém ly tudng, nén khé phdn dnh day da trang thai &ng suat - bién dang va anh
huwdng thi cong ngoai hién truong.

K&t qua Plaxis 3D nam giita gid tri tinh theo tiéu chuan va két qua nén tinh. Diéu nay cho thay mé hinh
s& co tiem nang hd tro tot cho thiét k& méng coc, ddc biét khi duwgc hiéu chinh bing thi nghiém hién
trudng. Mo phong s6 ciling cho phép khao sat thém cac kich ban gia tai vuot gidgi han thi nghiém, gidp wdc
lwong co ché huy dong strc khang va trang thai pha hoai clia coc ma khong can thir pha hoai coc that.

Tuy nhién, md hinh s& khéng nén dwgc xem la cdng cu thay thé hoan toan thi nghiém nén tinh. D6 tin
cay ctia md hinh phu thudc nhiéu vao chat lwgng khao sat dia chat, lwa chon mé hinh dat, théng s6 dau
vao va kinh nghiém hiéu chinh cuta k¥ su dia ky thuat.

Y nghia trng dung trong thwc hanh thiét ké
DGi v&i cac cong trinh xay dwng trén nén dat yéu & Vinh Long va viung Dong bang séng Clru Long, két qua
nghién ctru goi y rang thiét k€ méng coc nén duoc thuc hién theo hudng két hop. O giai doan d4u, cd thé
dung TCVN 10304:2025 va cac thong s6 khdo sat dé tinh todn so bo. O budce kiém chirng, can wu tién thi
nghiém nén tinh coc hién truong. Khi cé du dit liéu dia chat va thi nghiém, md phong Plaxis 3D cé thé
duoc sir dung dé phan tich bd sung, hiéu chinh chiéu dai coc, danh gia bién dang va t6i wu giai phdp mong.
Cach tiép can nay dic biét hiru ich trong cac khu vuc cé 1dp dat yéu day, chi s& SPT thap va su thay doi
dia tang theo khong gian. Thay vi chi lva chon mét phwong phép tinh, viéc so sdnh nhiéu nguén két qua
giup ky s nhan dién bién d6 dao ddng cla strc chju tai, tlr d6 dua ra quyét dinh thiét ké an toan hon va
kinh té€ hon.

Két ludn

Nghién clru tai phudng Long Chau, tinh Vinh Long cho thay strc chju tai cwc han cha coc bé téng ly tAm du
&ng luc thay d6i dang ké tuy theo phuong phap xac dinh. Trong diéu kién dat yéu day, phwong phap SPT
cho gid tri thap nhat va khéng nén dung nhu co sé duy nhat cho thiét ké. Phwong phap theo chi tiéu co' ly
c6 thé dung cho tinh todn ban dau nhung can duoc kiém chirng bang s6 liéu hién truong.

M phdng Plaxis 3D cho két qua gan hon vdi thi nghiém nén tinh va c6 khad ndng phan énh t6t hon co
ché twong tac dat - coc. Trong thuwc hanh, thi nghiém nén tinh vin can duoc xem 13 co s& kiém chirng
quan trong, trong khi mé hinh s6 nén dugc st dung nhu cdng cu hd tro phan tich, hiéu chinh va téi wu
hda giai phdp mong coc. Hwdng két hop gitra tiéu chuan, thi nghiém hién trudng va mé hinh sé |a phu
hop véi yéu cau nang cao chat lwvgng thiét ké nén mong trong diéu kién dia kj thuat phirc tap cda Vinh
Long va vung Pong bang séng Clru Long.
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Thi nghiém nén tinh coc c6é do bién dang theo chiéu dai coc.
Static compression tests for piles with measuring strain along pile’s length.

Nguyén Anh Diing
Héi Co Hoc Bét va Bia Ky Thudt Céng Trinh Viét Nam. E-mail: areniscas50@gmail.com

Tom tat

Thi nghiém nén tinh 13 phwong phdp dwoc coi la tin cdy nhat dé xac dinh strc chiu tai coc, trong dé né
mo ta d6i xtr thue cla coc khi chiu tai trén dinh coc. K&t qua stre chiu tai dwoc phan tich théng qua
dudng cong quan hé biéu dién dé Iin cda dinh coc va gia tri tai trong tuwong &ng. Thi nghiém cé quan hé
v3i két qua du tinh ly thuyét thdong qua gia tri tai trong thi nghiém |&n nhat dwoc yéu cau. Gia tri nay
thong thudng dwoc bang vai [an sirc chiu tai dy tinh cla coc, gid tri vuot tai ndy phu thudc vao quan
diém cda tw van thiét ké.

Strc chiju tai coc dwoc xac dinh ly thuyét théng qua gia dinh dugc cdu thanh bdi stre chiu tai phan
than coc va phan mii coc. Nhu vay thi nghiém nén tinh mdéi thé hién duwgc mo hinh 1am viéc thyc cia
coc, ma két qua 13 khéng thé hién dugc cac thanh phan chiu tai ma ly thuyét 1y lam co sé.

Trong bdo cdo nay trinh bay mot phuong phuong phap thi nghiém cho phép tach duoc hai thanh
phan chiju tai cha coc, d6 la sy két hop cda thi nghiém nén tinh véi thi nghiém do sy phan bd bién dang
theo chiéu dai coc théng qua viéc sir dung cac cam bién do bién dang bd tri trong than coc theo chiéu
dai coc. Phuong phap da dwoc dp dung tai mot s6 cong trinh & Viét Nam.

Abstract

Static compression testing is considered the most reliable method for determining pile bearing capacity, as it
describes the true behavior of a pile under top load. The bearing capacity results are analyzed through a
curve showing the settlement of the pile head and the corresponding load value. The test result is
related to the theoretical prediction through the maximum required test load value. This value is usually
several times of the predicted bearing capacity of the pile; this overload value depends on the design
consultant's perspective.

The theoretically determined pile bearing capacity is based on the assumption that it is composed of
the bearing capacity of the pile shaft and the pile base. Thus, static compression testing only represents
the true working model of the pile, and the results do not represent the load-bearing components based
on theory.

This report presents an experimental method that allows for the separation of the two load-bearing
components of a pile, which is a combination of static compression testing with the measurement of
strain distribution along the pile length by using strain gauges placed inside the pile, along its length. This
method has been applied in several projects in Vietnam.

Tur khéa: thi nghiém nén tinh (static load test); strc chju tdi coc (pile’s bearing capacity), thanh do bién dang (tell-
tale); thiét bj do bién dang (strain gauge).

M¢& dau
Trong ly thuyét du tinh sttc chiu tai coc, cé thé néi rang, quan diém chung duy nhat déi vdi cac nha
nghién ctru |a biéu thirc dy tinh strc chju tai cia coc bao gdm hai thanh phan:
Qu=0Qp+ Qs (1)
Trong do: Q, la strc chiu tai cyc han cla coc; @, la strc chiu tai cwe han phan miii coc; Qg la strc chiu tai
cuc han phan than coc.
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Tuy nhién viéc dy tinh cho tirng thanh phan sirc khdng 13 cé rat nhiéu khéc biét ngay ca vé quan
niém. V&i mét kich thwdc coc va diéu kién dat nén cung trong mét tiéu chuan thiét ké cé thé dua ra
nhiéu gia trj strc chiu tai coc.

Su khéc biét nay xuat phat tir cdc yéu té sau:

e Do chiéu dai coc va diéu kién dia chat céng trinh ma phai s&r dung cdc phuwong phép thi nghiém khac
nhau. T d6 dan dén cac két qua xac dinh cac thong s clia dat nén va cach chuyén doi két qua thi
nghiém sang thong sd tinh toan 1a khac nhau.

e Quan niém veé gia trj cla cac hé sé ap dung dua gia tri tinh todn gidi han vé gia tri tinh todn. Cac hé s6
nay c6 hai loai, loai dau la mét gia tri chung dp dung cho Q,, va loai hé s6 riéng cho tirng thanh phan

Qp va Qs.

Phuwong phap t-z
Pay 1a mot phuong phat duwoc dua ra nham xac dinh duoc cu thé sy phan bd cac stre chiu tai thanh phan
cla coc trén co s& xay dung quan hé mot chuyén dich & dau coc vdi dich chuyén cta coc & cac d6 sau khac
nhau, tir do cho cdc gid tri strc chiu tai thanh phan la hop ly hon. Phuong phdp duoc goi la phuong phap
t-Z.

Phuong phap t-z hay huong phap phan luc nén dugc dé xuat bdi Seed va Reese (1957) sau d6 duoc
rat nhiéu nha nghién ciru nhu Armaleh and Desai (1987), Christoulas and Frank (1991), Everett (1991);
Fleming (1992); Frank (1985); Kraft et. al (1981); Liu et. al (2004), McVay et. al (1989);. Tuy nhién, co6 |&
nén nodi, phuong phap nay 1a mot sy phat trién cia md hinh nén Winkler. M6 hinh nay mang tén cta nha
khoa hoc Birc Emil Winkler, dugc trinh bay trong cudn sach kinh dién cia dng “Die Lehre von der
Elasticitdt und Festigkeit” (Theory of Elasticity and Strength of Materials) xuat ban (1867) tai Prague, C.H.
Séc. Winkler nghién ctru si lam viéc twong tac gitta cong trinh va nén, bang cach thay thé tiép xuc cla
mong cong trinh véi nén dat bang cac 10 so, xem Hinh 1.

| M6 hinh nén la 16 so
=“"¢6 hé s6 dan hoi ks Hinh 1. Mé hinh Winkler

L NTLL Y —

Jnen

3w

I

Theo md hinh, luc phat sinh trong 16 so khi méng bi lun mét khodng s dwoc viét:
F=ksx*s (2)

Hinh 2 mé ta so d6 lam viéc cla coc cia phwong phdp t — z (theo Cécilia Bohn et. al (2016)). Trong
so d6 nay coc duoc chia thanh cdc phan t6 ¢ chiéu day 1a dh theo chiéu dai coc. Ma sat bén phan to
qs(sis) duwgec moé phdng bang mét 6 so thang dirng va |a ham dich chuyén cla hai mit trén va duéi cla
phan t6. Ung suat tai miii coc g, (s;,) cling md phdng bing mdt 16 so va 1a ham dich chuyén clia mii coc.
Bai todn nay duwoc giai vdi cac thong s6 vat ly clia coc 1a modul dan hoi E, dién tich mit cat coc, s& phan
tlr chia coc va hé s6 nén twong (ng cta cac doan coc.

Q Q
. L o ol
e N
11 a (s.) Ham huy ddng
i a " ma sét bén
)y Deule - ==
:f : h 11[ ¥5s > 54
) ) = ds (s tlen —
fte A 1-‘ 5.+ ds,
i 'Qm“dq
Ham huy dé N n s . a >
: : Jn “q-'_is_h?_sj;’kh::g > Hinh 2. So d6 lam viéc cda coc
e = _JC . cua phuong phdp t-z.
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Phuong phdp nay kha hiéu qud khi tinh todn phan bé lyc truyén vao dat nén duwdi tai trong doc truc
Q. R3 rang k&t qua phan b6 nay cho phép xem xét rd rang hon trong viéc xac dinh strc chiu tai thang
dirng cla coc. Phrong phap nay cling dwoc rng dung trong viéc phat trién phuong phap

Thiét bi sir dung do bién dang bén trong than coc
DE& c6 thé danh gid strc chiju tai coc hop Iy hon, & gdc d6 xem xét phan ma sat bén va sirc khang miii cua
coc, ngudi ta da st dung cdac thiét bi do bién dang bén trong coc theo chiéu dai coc trong cac thi nghiém
nén tinh coc. K&t qua nay cho phép xéac dinh phan bé cta strc khang miii va ma sat bén cla coc, tir dé
dua ra nhirng diéu chinh cho thiét ké coc.
K&t qua thi nghiém cho phép ngudi thiét ké cé thém hiéu biét bé sy lam viéc twong tac gilra dat va coc,
diéu nay cling gép phan xac dinh chinh xac hon stre chiu tai cha coc va diéu chinh chiéu dai coc.
Bién dang trong than coc duoc do bang 2 loai:
e Loai do chuyén vj cia mét diém do trong than coc. K&t qua thi nghiém truc tiép cia mot diém do |a
gid tri chuyén vi twong déi theo chiéu dai gitta mat trén coc va diém do.
e Loai do bang cdm bién bién dang. K&t qua cta do chinh |a bién dang & vi tri I3p cam bién.
Loai do chuyén vi
Thanh do: D4y 3 loai thiét bi don gian nhat, Pay thuc chat 1a nhitng 6ng thép duoc lap san trong coc
khoan nhdi kéo dai tir dinh coc dén cac d6 sdu khac nhau (la ddy cha cac 6ng thép), bén trong 6ng la
mot thanh thép cwong d6 cao duoc dat tu do (khdng chiu tac dong cda tai trong thi nghiém), trén dau
thanh thép 13 d6ng hd do chuyén vi duoc gan vao hé dam cé dinh duoc coi |a ¢d dinh. Cac thanh thép
duogc dung dé xac dinh gia tri dich chuyén diém can do (ddy thanh do). Loai thanh do nay cd thé nhan
thay & thi nghiém coc bang hdp gia tai Osterberg (hinh 3 a) - Theo Fugro), cac thanh do do dich chuyén
duwoc bo tri trén mat kich dén dinh coc.
Loai thanh do kiéu nay con cé tén goi la tell-tales dwoc sdn xuat mang tinh thwong mai. Hinh 3 b) Ia
str dung thanh do cla Geokon trong thi nghiém coc khoan nhdi, cac thanh do cé chiéu dai khdc nhau dé
quan trac dich chuyén clia cac ddy thanh so véi dau coc.

< 5" -_—_-7. .
Do dich chuyen cag. ., |
= 5y n
tell-tales .::. Z4N ! '‘Bom dau

-Dam thi nghjém

Do dich chuyen

y —Kich thay lyc
anh do (tell-tale)

Long thép coc Gng dan d3u vao kich

Ma sat bén ) =
Cam bién do dich chuyén

Ban thép ich thay luc (O-Cell)

Hinh 3. Str dung thanh do
tell-tales trong thi nghiém

Strc khdang mii .
i coc khoan nhoi.

a) Thanh do trong thi nghiém O-Cell b) Thanh do clia Geokon

St dung thiét bj gidn k& da diém (loqi cé thé thu hoi): Gidn ké da diém la loai thiét bj dién tl&r do su thay
ddi chiéu dai cia mét thanh do. Ching cling duoc sir dung cho viéc do bién dang bén trong coc. Hinh 4
mo ta viéc sir dung thiét bj gidn k& da diém Model 1300 (A-9) (loai c6 thé thu hdi — Retrievable
Extensometers) cia Geokon.
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May doc két qua |
bién dang

May ¢d dinh neo

Ongnhya ditsan | =
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Cinndicaceambién Cam bién -4 -+ Coc khoan nhoi

Cap dofl8ng dizu khién neo

—_— o s
\Cém bign  Cannéi

Hinh 4. St dung gién ké da diém do
bién dang trong coc khoan nhoéi

Chi tiét cac bd phan
clia gian ké da diém

Thiét bi do d6 gidn cé thé thu héi Model 1300 (A-9) cho phép do dworc dich chuyén tai 8 vi tri doc
theo chiéu dai coc tinh dén d4u coc (noi bé tri hdép cla cac cdm bién bién dang cla tirng thanh), diém do
la vi tri neo cé dinh véi than coc. Trong thi nghiém do bién dang trong than coc né cé thé duoc lap dat
bén trong 6ng PVC hodc thép duoc b tri san. Mdt tinh ndng chinh ctia Model 1300 (A-9) |a kha ning
dugc thu héi va st dung nhiéu [an.

Logi do bién dang
DE xac dinh gia tri bién dang, ngwdi ta 4p dung gia thiét rang trong chiéu dai nay gid trj bién dang la hang
6.

Néu goi chiéu dai cho mét vi tri do la L;, gia tri dich chuyén & mét thoi diém t dudi tac dung cla lyc

thi nghiém la P 1a AL;, thi gia tri bién dang (&,;) cla doan L; dwoc viét:
AL;
Eyi = L_l (3)

Trong dé: Chiéu dai L; cda loai tell-tales |a chiéu dai cGa cac thanh do; Chiéu dai L; cla loai gidn ké
duwoc tinh tir dinh coc dén vij tri neo.

Gia tri bién dang dwoc do bing cdm bién do bién dang. Trong hinh 5 13 mdt s6 cdm bién do bién
dang cha Geokon. Cac cam bién thudng dwoc bd tri trong giai doan thi cdng c6t thép coc. Hinh 5. a) 13
loai cdm bién dugc bé tri trong bé tdng, né do bién dang trong bé tdng. Hinh 5. b) 13 cdm bién dang cot
thép, khi 13p d&t chiing dwoc ¢d dinh vao thép chi coc. Hinh 5. ¢) 1a loai cdm bién soi quang lién tuc

a) Cam bién bién b) Cam bién bién c) Cam bién quang Hinh 5. M6t s6 logi cém
dang trong bé tong dang c6t thép hoc DFOS Geokon bién bién dang

K&t qua thi nghiém
TU k&t qua thi nghiém céc théng sé sau cé thé duoc tinh toan:
e Ung suat trong than coc tai vi tri do.
Puoc xac dinh dya trén gia tri bién dang do duorc tir cac thiét bi 13p tai cdc mat cit theo chiéu dai
coc. Gid tri rng suat (04j) dwoc xac dinh dya trén dinh luat Hooke:
O'Z]' = EZ]' * F (4)
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trong do: &,; la gid tri bién dang do dugc & d6 sau do tht j; E la modul dan hoéi ctia vat liéu coc.
e Luc tai mit cat cod cdm bién do.
Tai mot mat cit & do sau z, gid tri luc duoc viét:
F,j=¢,;xA*E (5)
e Ma sat bén cla than coc giita hai mit cdt cé cdm bién do.
Ma sat bén cla than coc (f;) duoc xac dinh vai gia thiét 13 gid tri hang s6 trong ca chiéu dai gitta hai
mat cat do lién nhau:

FZ] FZ]+1
fe=—"" (6)
trong dé: F; la lyc trong than coc & mdt cat (zj); Fz;11 1a lyc trong than coc & mét cdt(zj + 1); Ly,

la khoang cach gitra hai mit cat néu trén; U 13 chu vi than coc.

Tl két qua thi nghiém, & mai gid tri tai trong thi nghiém, cé thé xac dinh phan bé ma sat bén doc
theo than coc va strc khdng mii coc (& vi tri cdm bién bd tri tai 1dn cdn mdi coc). Hinh 6 trinh bay mét
két qua thi nghiém cla céc tac gia Faisal Ali and Lee Sieng Kai (2013). Mbi cap tai trong thi nghiém 13 mot
dudng cong quan hé lyc phan bé & mat ct cé thiét bi do (Q,; va Qp; ) theo dd sau (z) va véi tai trong
twong rng tac dung lén dau coc (Qy;).

Cac cap tai Qoi (kN)
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K&t luan va kién nghi.

K&t qua thi nghiém c6 thé sir dung dé xem xét viéc xac dinh strc chju tai coc theo dat nén theo ly thuyét.
Dic biét 13 s phan b6 cha ma sat bén trong quan hé vdi strc khdng miii coc. Theo y kién cua tac gia, &
céc cong trinh coc ¢6 chiéu dai I&n cling nhu cong trinh quan trong nén khuyén khich dp dung phuong
phap nay
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PileWall3D: mé hinh hda tuwdng coc va twong tac dat - két cau bang
phan t& hiru han

PileWall3D: FE modeling of pile-wall systems considering soil-structure interaction

Duong Quang Minh
Céng ty cé phdn Nén Mdng Bdch Khoa. E-mail: quangminhduong@hotmail.com

Tém Tat

Bai viét gidi thiéu co s& ly thuyét va quy trinh si* dung PileWall3D, mdt cong cu md hinh héa hé tudng coc,
coc van, twdng chan cé neo/chdng bang phan tir hitu han 3D két hop 10 xo nén phi tuyén. Noi dung tap
trung vao triét ly quy déi dat thanh hé p-y, t-z, g-z; cach td chirc hinh hoc, vat liéu, I&p dat, tai trong va
nudc; phuwong phép giai phi tuyén; cung cac kiém tra bat budc trwdc khi phat hanh ho so. Cac hinh trong
bai la mé phong ly thuyét, phan vi du tinh todn s& dung hinh chay chwong trinh.

Abstract

The paper introduces the theoretical basis and workflow of PileWall3D, a tool for modeling pile walls,
sheet pile walls, and anchored or braced retaining wall systems using three-dimensional finite elements
combined with nonlinear soil springs. The discussion focuses on the modeling philosophy in which the soil
is represented by p-y, t-z, and g-z spring systems; the organization of geometry, materials, soil layers,
loads, and water conditions; the nonlinear solution procedure; and the mandatory checks required before
issuing design documentation. The figures presented in the paper are theoretical simulations, while the
calculation example uses screenshots obtained from actual program runs.

Keywords: PileWall3D, tuwong tac dat - két cau, p-y spring, OpenSeesPy, twdng coc

Mé& dau

Trong thiét ké hé dao, ké bd séng, twdng coc va coc chiu tai ngang, két qua phan tich thwong phu thudc
doéng thoi vao d6 cirng két cau, trang thai rng suat dat, muc nudc, trinh tu thi cong va khd nang huy dong
phan lyc nén. M6 hinh lién tuc 3D toan khdi dat cé thé cho nhiéu théng tin nhung doi héi dit liéu, thoi
gian tinh va kiém ching I&n. Vi vay, trong thyc hanh thiét k& mé hinh thanh két hop 16 xo nén phi tuyén
van la mot huéng ti€p can hidéu qua khi muc tiéu chinh I1a chuyén vi, luc cit, md men, phan lwc dat va luc
neo/chéng. PileWall3D dwoc phat trién theo triét ly nay: két cdu twdng/coc la hé phan t&r beam-column
3D; dat nén dugc thay thé bang zeroLength spring phan bd theo chiéu sau; neo/chdng duwoc md hinh theo
truc hinh hoc thuec; tai dat, nwdc va tai ngoai duwoc quy déi thanh tai nit hodc tai phan tlr. Cdch md hinh
giup gitr dwoc ban chat 3D cla tuyén tuwdng, sw khac nhau theo vi tri X, déng thoi dd gon dé str dung trong
ho so thiét k& thuc hanh. Bai viét huwdng dén viéc tdng hop nguyén ly, néu quy trinh sir dung va chi ra
nhitng kiém tra k{ thuat quan trong dé ngudi doc cé thé hiéu ding pham vi cia phan mém.

Triét ly mé hinh va pham vi ap dung
Mb hinh PileWall3D gém ba 16p lam viéc dong thoi: 16p két cu, 16p dat nén va 16p lién két. Lép két cau
bao gém tuong/coc, coc van, dam wale va céc thanh lién két; 16p dat nén duge mo ta b?mg hé duong cong
p-y, t-z, q-z; 16p lién két bao gém 16 xo0 dat, neo, chéng, géi hodc diéu kién bién. Khi két qua dugc Xuét ra,
ky su doc demand gém chuyén vi, ndi lyc, luc neo va luc 10 xo; con capacity phai duoc khai bao hoac ddi
chiéu tur tiéu chuén, catalogue hodc tinh toan tiét dién ddc lap.

Pham vi phu hop gdm coc/tudng chiu tai ngang, tudng coc cé neo hodc chéng, coc vén bé téng dy (rng
lwe, dia chat nhiéu 1dp va cac tredng hop tai gom ap luc dat, dp luwc nudc, surcharge, tai tap trung/tai xe.
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Phan mém khéng thay thé& phan tich 6n dinh téng thé, trwot sau, tham, x4i ngam, hoa l1dng dong dat day
dl hodc c6 két theo thoi gian néu cac bai toan dé chua dwoc kiém chirng bang module riéng. Gidi han 4p
dung déi v&i twdng lién tuc trong dat cat. Mo hinh p-y trong PileWall3D dwoc xay dung trén co sé quan
hé phan luc dat - chuyén vi thwong dung cho coc hodc phan t&r dang coc chiu tai ngang. Ddi vdi cac bai
todn twong lién tuc nhu sheet pile wall, diaphragm wall hodc secant pile wall déng thi khi cé day hd dao
nam trong |&p cét, co ché twong tac dat - két cu cé thé khac dang ké so vdi gia thiét p-y truyén théng.
Trong céc trwdng hop nay, khuyén cdo chon cho 1&p cat Kinit>3e+5 va két qua ndi luc va chuyén vi can
duwoc xem 13 k&t quad tham khao va nén dugc kiém chirng bang phuong phap phan tich khéc, s6 liéu quan
tradc hodc phan mém dia k§ thuat chuyén dung.

Bdng 1 Tém tdt cdc thanh phén chinh trong mé hinh PileWall3D

Thanh phian M4 hinh tinh Théng sé chinh Két qua can doc

Tuong/coc/coc Beam-column 3D E,G, A, J,ly, Iz, chiéu sau, spacing Chuyén vi, lyc cat, mé men, lyc doc

van

Pat nén Lo xo zeroLength p-y, t- | Soil type, gamma, phi, ¢, Su, qu, qc, | Phan lyc dat, chuyén vi huy déng,
Z,0-Z RQD, myc nuwdc phan tram st dung

Neo/ch&ng/wale Truss/corotTruss hodc EA/L, gbc nghiéng, prestress, Tult, Luc doc truc, bién dang, trang thai
16 xo phi tuyén duwdng cong luc - chuyén vi tension/compression

Taitrong va nuwdc | Tai ndt/tai phan tlr Rankine/Coulomb/User Ka, T6ng tai, mé men quy déi, load
theo load case surcharge, water level front/back factor dat duoc

M6 hinh phan tir hiru han va 16 xo dat

Bai toan can bang duoc giai theo dang R(U) = F_ext - F_int(U) = 0. V&i 16 xo dat phi tuyén, neo phi tuyén
hodc ti€p xic compression-only & miii coc, d clirng ti€p tuyén thay déi theo chuyén vi nén nghiém can
ldp theo tirng budc tai. Trong thuc hanh, Load Control thuong dung cho bai todn tang tai théng thuong;
Displacement Control cé thé dung cho khao sét capacity hodc dudng cong pushover; con Arc-Length chi
dung khi ngudi 1ap mé hinh hiéu ré &ng x& sau dinh.

Puong cong p-y biéu dién quan hé gitta chuyén vi ngang y va phan lyc dat p trén don vi chiéu dai. Khi
dwa vao node, lyc 10 xo P_i dwoc tinh bang p_i nhan véi chiéu dai dai dién L_element. Twong ty, t-z mo
td ma sat thanh theo chuyén vi doc truc va g-z md ta strc khang mdi. V&i cdc nhém dat legacy, tham s6
dudng cong cd thé di theo nhanh API/Reese/Matlock; véi nhom dat dac biét nhu cét hda 1dng, silt, loess,
strong rock va weak rock, dudng cong cé thé duwoc dung bang SpringCurve dé kiém soat tinh don diéu,
plateau va metadata ky thuat.

beam-column 3D
surcharge g

o e e R R
_——_

muc nudc sau

""""""""" Cop1idat dapfcat ~ —

eroLength springs

p-y, t-z, g-2
MUC NUGC trudc e —
T Tpaydio |
---------------------- —~——— Ldp 2: sét mém
e . L R
Hinh 1. So dd khdi niém mé
e N by
hinh twong/coc trong
C S

PileWall3D: beam-column

~———— Ldp 3: cat chat/da ph hé R n n 5.
‘[ B 3D, Io xo dat, neo/chébng, tai
mdt dat va muc nudc.
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Mot nguyén tac quan trong |1a khong duoc hidu két qua 10 xo nhu “strc chiu tai tuyét déi” tach khai gia
thiét mo hinh. Phan lyc dat phu thudc vao duwdng cong da chon, chiéu dai phan t& phan t6, spacing coc,
hiéu chinh méi d6c phia trudc va céch chia Ip dat. Do d6, cac dudng cong can duoc kiém tra vé don vi,
tinh don diéu va strc khang cuc han trudce khi phan tich chinh thirc.

Pudng cong p-y ly thuyét dung minh hoa

— SEL mém - MatlockfAaPI
200 4 Cat AF‘URE-ESE
— Custom SpringCurve

150 4

100 4

Hinh 2. Minh hoa dang duong
cong p-y ly thuyét cho cdc nhém
dét khdc nhau; s6 liéu chi ding
20 40 60 80 100 120 dé€mé phdng hinh dang trng x.

Chuyén vi ngang y (mm)

Phan luc p hoac P/L (kN/m)
wn
[=]

[=]

[=]

M6 hinh tai trong, nwé'c va neo/chdng

Ap Iwc dat co thé tinh theo Rankine, Coulomb, Apparent pressure envelope hodc hé s& Ka do ngudi dung
nhap. Rankine phlu hop vdi gid thiét don gian; Coulomb hitu ich khi can xét ma sat tuong - dat, do nghiéng
mat twong hodc mat dat sau twdng; Apparent pressure envelope duoc duc két tir cac bd dir liéu quan
trac, phu hop khi phan tich hé twong cé neo/chdng. Sau khi tinh biéu d6 ap luwc, phan mém quy d6i thanh
tai nut hodc tdi phan tlr; budc kiém tra khong thé bd qua 13 so sdnh téng lwc va mé men quy ddi vai dién
tich va trong tam cda biéu d6 &p luc ban dau.

Muc nudce cd hai vai trd can tach biét. Groundwater Level trong ho so dia chat dung dé tinh (rng suat
hiru hiéu cha dat; Water Level Front/Back trong load case dung cho dp luc nudc ty do tac dung |1én tuong.
Né&u nham hai khai niém nay, két qua cé thé sai dong thoi & ca phan Iwc nén va tai ngang. Vi chénh léch
muc nudc dang ké, bai toan tham, uplift, piping hodc xdi ngdm van can kiém tra riéng.

Neo va thanh chéng nén dugc mé hinh theo truc hinh hoc thuc thay vi ép vao mét bac ty do toan cuc.
V@i mé hinh dan hoi, d6 cirng doc truc 1a K_anchor = EA/L; v&i md hinh phi tuyén, dwdng cong luc - chuyén
vi phai tang hop ly, tranh lwc 4m ngoai cha dich va can doc dung dau luc kéo/nén. Khong nén Iy tri tuyét
ddi cha lue doc truc néu chua kiém tra quy wdc tension/compression.

Quy trinh st dung va kiém tra két qua
Quy trinh 1am viéc duoc khuyén nghi di tir Dy an (Project), Twong (Wall), Mt cat (Sections), H6 so dia
chat (Soil Profile), Lop d4t (Soil Layers), ddm wale, neo/chéng, Load Case, PC Members, Analysis Run, roi
mdi dén Details, Charts va Report. Cac trwdng cao d6 bat dau bang Y phai nhap theo cao dd that cé dau:
trén mat dat 1a dwong, dudi mat dat [a &m. Vi du ddy dao sdu 8 m phai nhap Y Excavation Elevation = -8.0
m, khéng nhap +8.0 m.

Trudc khi chay, can kiém tra rang soil profile phti kin tir mat dat dén mdii coc, cac |&p dat cham nhau,
Y Top I&n hon Y Bottom, miii coc nam trong I&p hop 18, tiét dién ding don vi kPa - m - m4, load case duing
t6 hop, va cac thdong sd neo/chdng dung don vi. Khi solver tra PARTIAL, két qua chi dai dién cho hé s6 tai
d3 dat, khéng duoc xem nhu két qua dat 100% tai néu chua c6 phé duyét ki thuat riéng.

Bdng 2 Checklist rut gon trudc khi phdt hanh hé so tinh todn

Nhém kiém tra Noi dung can xac nhan RUGi ro néu bd qua

Hinh hoc va cao dd Y cao d9, spacing va chiéu dai chia doan ding diu Sai chiéu sau, sai do cirng, thiéu
coc chdén dat

P4t nén L&p ph kin, soil type dung, muc nudc hop ly Lo xo thiéu/qua cirng; phan luc
khong vat ly

Tai trong Téng luc va md men khdp biéu d6 tai Sai dadu/don vi; nodi luc léch 16n

Phan tich va bao cdo Run SUCCESS/PARTIAL cé giai thich; biéu d6 hop ly Dung két qua chua héi tu lam thiét
k&
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M6 phéng ly thuyét minh hoa

Hinh 3 trinh bay dang két qua ly thuyét theo chiéu sau ciia mét twdng/coc chiu ap lwc ngang. Chuyén vi
thudng [6n & vung trén, luc cat d6i dau theo phan b6 tai va phan lwc nén, con moé men dat cyce tri tai vung
c6 thay déi diéu kién bién hodc mirc huy dong dat 1on. Khi doc két qua thuc té, hinh dang biéu d6 quan
trong khong kém gia tri cuc tri: dot bién khong gidi thich dwoc thudng goi v 16i tai nat, 10 xo, diéu kién
bién hoac chia doan.

Dang két qua ly thuyét theo chiéu sau

0 - - -
E
> -5 - 1
;g.
9 Hinh 3. Dang chuyén vi,
Y _10- ~ ] Iwe cdat va mé men ly
thuyét theo chiéu sdu;
dung dé minh hoa cdch
0 20 40 -50 0 -100 0 100 200 kiém tra xu thé két qud.
U_z (mm) V_z (kN) M_y (kN.m)

PHAN TiCH VA SO SANH Vi DU TU PYWALL 3.0

Vi du sau trong tai liéu: "Design of Sheet Pile Walls Using TRULINE Composite Wall Sections — Design
Methods and Examples". Bai vi du PYWall 3.0 — Tw&ng mém cd neo trong dat sét cirng

Bai toan: phan tich tudng mém cao dao 20 ft bang
PYWall 3.0, c6 mét neo ngang tai dinh, xét twong tac dat—
két cdu theo mé hinh dam-cot trén nén phi tuyén. Twong
dai téng 35 ft, doan chén duwdi day dao 15 ft. Tai dat sau
tuong 1a biéu d6 ap lwc biéu kién cho sét cirng theo
Terzaghi—Peck—Mesri. K&t qua can so sanh gébm chuyén vj
ngang, mo men, luc cat va luc neo.

Hé don vi quy d&i: kN, m, kN/m?, kN/m?3, kNm.

Hinh hoc: H dao = 20 ft = 6.096 m; chiéu dai twong = 35 ft
=10.668 m; chén dudi day dao = 15 ft = 4.572 m; bé réng
daitinh =12 in =0.3048 m.

Ap Iy biéu kién: pmax = 0.35-y-H; dang phan b6 0 —H/4 —
3H/4-0.

20 ft

¥
5. ft
10 ft
5 ft

35 ft

SRR

Figure 7 — Example Problem for PY Wall

So do twong, neo va biéu dé dp lwc biéu kién 0-1/4-3/4—0.

Béng 1. Di¥ liéu dét quy déi sang hé Sl

Lép dat Khoang sau v (kN/m?3) c/Su (kN/m?) €50 k (kN/m3)
Sétctng, khong | 0-23 ft =0-7.010 19.48 83.79 0.007 162,900
nudc ty do m
Sétcling, khong | 23-60 ft = 7.010- 19.48 143.64 0.005 271,400
nudc ty do 18.288 m

Bdng 2. Téi ngang biéu kién va neo dung nhdp mé hinh

Hang muc Gia tri goc Gia tri S| Céng thirc/ghi cha Dung cho PileWall3D
‘ . . N pmax = 41.56 kN/m?; tai ngang trén
2. 12 .35y =6.
Ap lyc cye dai 72.4 1b/in cho dai 12 in qmax = 12.68 kN/m 0.35-y-H, H=6.096 m PC_COLUMN
M&c ap luc 0-5-15-20 ft 0-1.524-4.572-6.096 m| 0—pmax—pmax—0 | VectorY-ptainode
column
— 2.
Neo No.9 A=1in%; E=29e6 psi; Ex2 Aoa(é;gg?,iszrt-} 62 k strip =16,110 Ib/in= | EA twong duong dai
' L=25 ft; s=6 ft L e1eoom 2,821 kN/m 0.3048 m = 21,500 kN
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Bdng 3. Két qud chudn PYWall 3.0 dé so sdnh — phwong dn Series 1200, bé téng 4000 psi, thép No.9

Pai lwong Gia trj goc PYWall Gia trj Sl Vi tri Y nghia Ghi chu
Chuyén vj ngang 1.56in 39.62 mm =3.962 =10 ft,=' 37.05 m |bién dang rj’gang I&n Hinh 8
max cm dudi dinh nhat
M6 men uén max 370,000 in-Ib 41.80 kNm =10 ft,z. 3,'05 m néi lyc udn 1&n nhat Hinh 9
dudi dinh
7,390 Ib tai 20 ft; 32.87 kN tai 6.10 1 dév d30 va
Luc cat 1én max 8,710 Ib tai m; max 38.74 kN t?on d:)/an hén kiém tra cat Hinh 10
25.5 ft tai 7.77 m g doz
N e phan lyc neo that cach 6 ft:
Lwc neo 5,640 lb cho dai 1 ft 25.09 kN tai dau neo neo/tieback 150.5 kN
P6 clirng udn El 1.667E9 lb-in? 4,784 kKN-m? dai12in phuwong dan No.9 | Mmax/Mult=0.895

Ghi chud nhap liéu: néu md hinh dlng dai 12 in thi dung bé réng chiu tai B=0.3048 m va EA neo tuong duong dai; néu mé hinh
mdt neo that thi dung EA=129,000 kN va nhan luc theo khoang cach neo thuc. Ap lic ngang duwoc tinh theo Apparent
pressure envelope.

pOI CHIEU BIEU PO VA KET QUA CU'C TRI: PYWALL 3.0 - PILEWALL3D

Quy wdc vi tri: Y = 0 tai dinh twdng/pile head; Y Gm theo chiéu séu. Bon vi so sanh: mm, kNm, kN.

Chuyén vi ngang Mé& men udn Luc cat
ins Shear Force, Ibe
eelodeon e iy S
s o as 1 1z 3
i i
=
!
|n \
LD | - " .
B H '~ -
Hmmes |~
=)
)
@

1 - Shar Foeese va, epth Bieliw File Hesd

WALL 3.0

Figure B Liceral Deflection vs, Depth Hekow Pile Hed

PYWALL 3.0

Uz fmml
]

PilelWallz0

PilelVall3D
Bdng 4. Téng hop gid tri cuc tri va v tri
Pai lwgng PYWALL Vi tri PYWALL PileWall3D Vi tri PileWall3D Sai léch
Chuyén vi 39.62 Y=-305m 36.39 Y=-2.80 8.2%
uyén vi max .62 mm .39 mm =-2.80m -8.
yenvl (10 ft dudi dinh) °
N Y=-3.05m
M6 men max 41.80 kNm o 38.45 kNm Y=-2.80m -8.0%
(10 ft dudi dinh)
“ Y=-7.77m
Lwc cat max 38.74 kN o 35.45 kN Y=-6.00m -8.5%
(25.5 ft dwgi dinh)
Lwc neo 25.09 kN Tai d4u neo/tieback 23.24 kN Tai d4u neo -7.4%

Ghi chu: Vi tri PYWALL dwoc quy déi tir ft sang m; sai léch = (PileWall3D - PYWALL)/PYWALL. Truong luc cdt PYWALL 18y gid
tri cuc dai 8,710 Ib tai 25.5 ft dwdi dinh.
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Dién giai canh bao va trach nhiém ky thuat

Mot bdo cado tinh todn chuyén nghiép khong chi liét ké gia tri cwc dai ma con phai giai thich trang thai
phan tich. Trang thai SUCCESS cho biét solver dat murc tai muc tiéu theo tiéu chuan héi tu da chon; trang
thai PARTIAL cho biét c6 két qua & mét hé s6 tai nhat dinh nhwng chua dat toan bd load case. Trong
trudrng hop PARTIAL, bdo cdo phai néu rd load factor reached, s& budc d3 hoan thanh, nguyén nhan dy
dodan va pham vi dugc phép sir dung két qua.

Cac cdnh bdo DEMAND_ONLY, WARNING hodc EXCEEDED can dugc dién giadi theo dung ban chat.
DEMAND_ONLY khéng cé nghia Ia an toan, ma chi cho biét phdn mém mdi cé nhu cau ndi luc/chuyén vi,
chua c6 capacity dé so sanh. WARNING yéu cau kiém tra lai gid thiét, don vi va gidi han cho phép;
EXCEEDED yéu cau hiéu chinh thiét ké hodc bo sung kiém tra strc khang. Ngudi 1ap md hinh nén luu lai
phién ban dit liéu, ngudn thong sé dat, ngudn capacity tiét dién va ngudi kiém tra dé bado dam truy xuat
ky thuat.

Két ludn va kién nghi

PileWall3D phu hop véi nhu cau phan tich thuc hanh cho hé tudng coc, coc van, tuong chin cé neo/chéng
trong dé twong tac dat - két cau dwgc md hinh bang 10 xo nén phi tuyén. Gia tri cia phdn mém nam & viéc
td chirc nhat quan dir liéu hinh hoc, dia chat, tiét dién, tai trong, nudc va két qua; dong thoi cho phép k§
su kiém tra demand/capacity mot cach c¢é dau vét. Tuy nhién, d6 tin cay cta két qua van phu thudc vao
s6 liéu dia chat, gia thi€t mé hinh, kiém tra don vi, kiém tra hoi tu va phan doan kj thuat cta ngudi thiét
ké.

Tai liéu tham khao

API. (2014). APl RP 2GEO: Geotechnical and foundation design considerations. American Petroleum
Institute.

FHWA. (2010). Drilled shafts: construction procedures and LRFD design methods. Federal Highway
Administration.

Matlock, H. (1970). Correlations for design of laterally loaded piles in soft clay. Proceedings of the
Offshore Technology Conference, Houston.

Reese, L. C., Cox, W. R. & Koop, F. D. (1974). Analysis of laterally loaded piles in sand. Proceedings of the
Offshore Technology Conference, Houston.

VSSMGE. (2025). VSSMGE Bulletin Template V1d. Hdi Co hoc P4t va Pia ki thuat Cong trinh Viét Nam.

Zhu, M., McKenna, F., & Scott, M. H. (2018). OpenSeesPy: Python library for the OpenSees finite
element framework. SoftwareX, 7, 6—11.

OpenSeesPy Documentation. (n.d.). Laterally-loaded pile foundation. OpenSeesPy Examples Manual /
Documentation. Retrieved 2026, from the OpenSeesPy documentation website.

Mahmoud El Gendy, Omar El Gendy, Mohamed El Gendy. Analysis of laterally loaded single pile using P-
y curve by Program GEOQ Tools Part I: Numerical Models.

Shin-Tower Wang and Jose A. Arrellaga. July 6, 2007. Verification of computer program PYWALL as a
valid tool for design of flexible retaining walls.

Design of Sheet Pile Walls Using TRULINE Composite Wall Sections — Design Methods and Examples.

Dia chi trang web phan mém: pilewall3d.com v&i user name: Dungthu password: Dungthu123

64



ar Ban Tin Hoi « VSSMGE Rulletin

Pua cong nghé neo dat Nhat Badn dén Viét Nam
Tranfering Japanese ground anchoring technology to Vietnam
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Héi Co Hoc Pét va Bia Ky Thudt Céng Trinh Viét Nam. E-mail: phung.long@gmail.com

Tém tat

Bai viét trinh bay qué trinh Nhat Ban tir mot qudc gia tiép nhan céng nghé neo dat sau Thé chién Il vuwon
|&n tré thanh cwdng quéc hang dau thé gidi trong Iinh viee nay, cling nhw phan tich nhu cau st dung neo
dat hién nay va vai tro tién phong cla SE Corporation trong viéc chuyén giao, ndi dia hda céng nghé neo
dat Nhat Ban tai Viét Nam. Bai viét lam rd cdc yéu t6 then chét tao nén "trudng phéi neo dat Nhat Ban",
bao gdm: diéu kién dia ky thuat ddc thu, chién lwoc tiéu chuan hda cé hé théng, cdng nghé chéng &n mon
da I&p va neo chéng dong dat. Tir do, bai viét dat vao bdi canh Viét Nam — quéc gia dang thiéu hut nang
lue san xuat neo dat ndi dia — dé thay y nghia chién lwoc cda viéc hinh thanh nha mdy san xuat neo dat
dat tiéu chuin Nhat Ban ngay trén Ianh thé Viét Nam.

Abstract

This paper presents Japan's rise to become a world leader in ground anchor technology and analyses the
current state of the Vietnamese ground anchor market, highlighting the pioneering role of SE Corporation
in transferring and localising Japanese anchor technology in Vietnam. The paper identifies the key factors
behind the 'lapanese ground anchor school', including unique geotechnical conditions, systematic
standardisation, multi-layer corrosion protection and seismic-resistant design. Against the backdrop of
Vietnam's lack of domestic anchor manufacturing capacity and heavy reliance on imports from South
Korea and China, the paper discusses the strategic significance of establishing a Japanese-standard anchor
production facility in Vietnam.

Keywords: neo dat, Nhat Ban, ndi dia hda, 6n dinh mai déc

M& dau

Neo dat (ground anchor) la mot trong nhirng gidi phdp dia ki thuat quan trong nhat cta ki thuat dan dung
hién dai, dwoc &ng dung rong rai trong 6n dinh mai ddc, tudng chan, hd dao sau, dap va cong trinh ngam.
Trén binh dién thé gidi, Nhat Ban ndi lén nhu mot cudng qudc dac biét trong linh viee nay — khdng phai vi
la qudc gia phat minh, ma vi da hoan thién, tiéu chuin hda va &ng dung cong nghé neo dat & quy md va
chat lwong chua tirng cd.

Trong khi d6, Viét Nam — quéc gia c6 diéu kién dja ki thuat nhiéu nét twong dong véi Nhat Ban — van
chua ty san xuat duwoc san pham neo dat dép rng tiéu chuan ki thuat cao, va dang phu thudc chi yéu
vao hang nhap khau tir Han Quéc va Trung Quéc vdi chat lwvong khdng dong déu. Truwdc bdi cdnh do, sy
hién dién va cam két dau tw sdn xuat néi dia cha SE Corporation — céng ty neo dat hang dau Nhat Ban —
tai Viét Nam mang y nghia chién lwgc déc biét.

Bai viét nay hé théng héa hanh trinh phat trién cdng nghé neo dat cha Nhat Ban, phan tich thyc trang
thi trwong Viét Nam va dat vao d6 cau chuyén vé SE Corporation nhu mét hinh mau chuyén giao cong
nghé dia ky thuat bén virng.
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Bdi canh dia ki thuat dic thu cia Nhat Ban

Nhat Ban 1d mot quan dao ndi Itra ndm trén vanh dai Itra Thai Binh Duong, noi hoi tu du cac yéu t6 khién
neo dat trd thanh giai phap khong thé thiéu: khodng 70% dién tich 1a d6i nui, hoat dong dia chan thudc
hang manh nhat thé gidi, lwvgng muwa trung binh trén 1.600 mm/ndm va méi trwdng dat nui lkra cd tinh
axit cao tai nhiéu vung nhu Owakudani, Aso va Kirishima. Nhitng tran déng dat I&n nhu Kobe 1995 (Mw
6,9) va Tohoku 2011 (Mw 9,0) lién tuc d&t ra yéu cau ngay cang khat khe vé kha ning chiju tai dong cla hé
théng neo dat. Sy két hop cla céc yéu té nay budc Nhat Ban phai dau tw nghiém tic va c6 hé théng vao
céng nghé neo dat theo cdch ma khdng qudc gia nao khac phai lam & mirc d6 tuwong tu.

Céc giai doan phat trién lich st

e Giai doan khéi dGu — thdp nién 1950: Cong nghé neo dat dugc du nhap tir chau Au vao Nhat Ban
vao cudi thap nién 1940. Khac v&i chau Au chi y&u dung neo cho twdng chin hd dao, cac ki sw Nhat
Ban s&m nhan ra tiém ndng cla neo dat trong 6n dinh mai déc ndi. Ung dung tién phong 1a neo dy
&ng lyc tai dap phu Fujihara dé gia c6 nén d4 mong — m& dau cho mot hanh trinh dai phat trién va
hoan thién cong nghé.

e Giai doan bung né — thdp nién 1960 dén 1980: Thoi ky ting trwdng kinh té& than ky kéo theo lan
séng dau tu ha tang lich sir: duong cao toc Tomei, hé thong Shinkansen, cac dap thay dién, hé thong
metro tai cic dé thi Idn. Neo dat trd thanh giai phdp chién luvoc dwoc dp dung & quy md chua tirng
c6. DAy cling 1a giai doan tich Ity kho dit liéu thuc nghiém phong phud lam nén tang cho tiéu chudn héa
sau nay.

e Giai doan tiéu chudn héa — thép nién 1980 dén 2000: Hoi Pia k§ thuat Nhat Ban (JGS) va Bo Dat
dai, Ha tang, Giao thdng va Du lich (MLIT) ph&i hop ban hanh tiéu chuin JGS 4101 — "Thyc hanh cho
Neo Dat" — mot trong nhirng tai liéu ki thuat day du va chi tiét nhat thé gidi trong linh vuc nay. Song
song d6, cac doanh nghiép I&n dau tw manh vao vat liéu chdng &n mon va cong nghé cap chat lugng
cao, hinh thanh moé hinh hop tdc dac trung gitra hoc thuat, nha nuéc va doanh nghiép.

e Giaidoan céng nghé cao — ttr ndm 2000 dén nay: Nhat Ban ti€p tuc dan dau véi hé théng neo vinh
ctru chdng 3n mon vuot trdi, cdm bién thong minh quan tric neo theo thoi gian thuc va cac cong nghé
kiém tra khong pha hdy (non-destructive evaluation). Sau thdm hoa Tohoku 2011, chuong trinh tai
danh gia toan dién hang triéu neo dat hién hiru trén toan quéc d3 thac day thém nhiéu d6i méi cong
nghé. Hién nay, s6 lwgng neo vinh clru 13p dit mai tai Nhat Ban dat khodng 100.000 neo mdi ndm

Pac diém ky thuat ndi bat cia "trwdng phai neo dat Nhat Ban"

Né&u treong phai chau Au tap trung vao neo tai trong 1&n trong da cirng va cdng trinh quy md cong nghiép,
thi Nhat Ban tao ra trudng phai riéng vdi ba dac treng néi bat. Thir nhat 1a neo chéng dong dat: chiu tai
chu ky I3p, thiét k&€ dau neo hap thu nang luvgng dia chan, thir nghiém tai trong dong bat budc cho cong
trinh quan trong. Thi hai I3 hé théng chéng an mon da 1dp: ma k&m dién phan, boc PE dp suat cao, vira
xi mang d3c biét va |&p dau neo khéng thdm — vai tudi tho thiét ké 50 — 100 ndm (Imai va cdng s, 2009).
Tai vung nui Itra va ven bién, neo CFCC s@i carbon dugc dung dé loai bd hoan toan nguy co n mon. Th
ba 13 hé thong quan trac dai han: mdi neo vinh clru quan trong dwoc trang bi dau do luc theo ddi luc cing
theo thoi gian thuc, cung cap di liéu thyc nghiém quy gid cho nghién clru va cai tién tiéu chuan.
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Hinh 1. Neo dét vinh ctru chéng
dn mon 3 I6p (Neo SEEE-FUA) phé
bién tai thj trirong Nhat

Thuc trang nhu cau neo dat tai Viét Nam

Trong khi Nhat Ban d3 xay dwng dugc ndng luc san xuat va tiéu chuan héa neo dat hoan chinh, Viét Nam
hién van chua tu sdn xuat dugc san pham neo dat ddp (ng tiéu chuidn ki thuat cao. Thi truwdong trong
nwdc dang phu thudc chd yéu vao sdn pham nhap khiu tir Han Quéc va Trung Qudc — hai ngudn cung ¢
murc gid canh tranh nhung chat lvong khéng déng déu, dac biét vé kha nang chéng an mon dai han trong
diéu kién khi hau nhiét déi am cha Viét Nam. Hé théng tiéu chuan kj thuat chuyén biét vé neo dat mic
du d3 twong ddi day d0 nhung chua toan dién, nang luc thir tai va quan trac con han ché, va kinh nghiém
thiét ké neo trong diéu kién dia chat phirc tap con thiéu hut so v&i nhu cau thuc té.

BGi canh nay dat ra rdi ro dang lo ngai trong giai doan Viét Nam dang trién khai dong loat cic dy én
ha tang giao théng quy md I&n nhu dudng cao tdc Bac — Nam, duwdng cao téc khu vuce trung du va mién
nui phia Bac, Tay Nguyén, cung hé thdng duwdng sat tdc d6 cao sé dwoc xay dwng. Sau con bdo Yagi, hang
loat su c6 sat 1& nghiém trong tai nhiéu khu vire mién nui va doc céc tuyén giao théng trong diém d3 budc
Chinh phd tang cwdng dau tu cho cac du an x& ly 6n dinh mai d6c va phong chéng thién tai — lam néi bat
hon nhu ciu cap thiét vé sdn phdm neo dat chat lwong cao, bén virng va cd ngudn goc tin cay.

SE Corporation dwa cong nghé vao Viét Nam

Gidi thiéu vé SE Corporation

SE Corporation la cdng ty chuyén nghién clru, sdn xuat va cung cap hé thong neo dat hang dau tai Nhét
Ban, v&i hon 60% thi phan noi dija. Vi thé dan dau thij trwdng cha SE Corporation dwoc xay dwng trén nén
tang chat lwong san pham vuot trdi, quy trinh san xuat theo tiéu chuan JIS (Japanese Industrial Standards)
nghiém ngat va déi ngli k§ thuat giau kinh nghiém dia ky thut. San pham neo FUA cla SE Corporation
dac biét ndi bat vdi hé thdng chéng &n mon tién tién, duwoc thiét ké cho diéu kién khi hdu 4m wdt — tuong
dong véi diéu kién khac nghiét tai Viet Nam.

Dua céng nghé vao Viét Nam

SE Corporation dua céng nghé vao Viét Nam theo huwdng bai ban va than trong, khéng 6 at, tirng budc
kiEm chirng suw phu hop cla cdng nghé vai diéu kién dia chat thyc t& cla nudc ta. Giai doan dau, san
pham neo dat FUA (loai neo vinh clru chéng dn mon 3 1dp) cla SE dugc dp dung thi diém tai du an gia c6
dau cau B3i Chdy, Quang Ninh — mét cdng trinh giao théng trong diém doi hdi gidi phdp 6n dinh mai déc
dap &ng tiéu chuin ky thuit cao. Sau dy an thi diém x& ly sat truot tai ddy, tiéu chuan co s& TCCS
28:2019/TCDBVN "Thiét k&, thi cdng va nghiém thu neo d4t theo cdng nghé SEEE" d3 dwoc ban hanh, [a
tai liéu tham khdo quan trong cho céc dy an thiét ké va thi cdng neo dat tai Viét Nam.
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Hinh 2a. Hién trang sat I& chén céu Béi Chdy, Hinh 2b. Gia c6 bdang neo dét FUA cia SE
Qudng Ninh Corporation

Trong diéu kién kinh té& cta Viét Nam con han ché&, nhu ciu can phai phat trién mét loai neo vdi gia ca
phai chdng ma van dam bao céc yéu cau t6i thiu clia neo dat vinh clru dat chat lwgng Nhat Ban, Tap doan
SE d3 danh thai gian nghién cru va phat trién mot loai neo phu hop, véi phwong chdm néi dia hda dé phu
hop véi diéu kién cla Viét Nam ndi riéng va cac nwdc Ddng Nam A néi chung.

Nhitng nd lwc khong ngirng nghi trén day duoc danh dau bang viéc thi nghiém thanh cong sdn pham
neo SE-W (Asean Model) tai dy an thung Iling Mudng Hoa (Sa Pa, Lao Cai) cla tap doan Alphanam — mét
dy an nghi dudng cao cap trén dia hinh d6i nti phirc tap vung Tay Bac, noi yéu cau dong thdi vé tham my
cong trinh va an toan dia ky thuat.

Thanh cong tai hai dy 4n thi diém nay da khang dinh su phu hop cla cdng nghé SE véi diéu kién dia
chat Viét Nam va m& dudng cho budc di chién luoc tiép theo.

Hinh 3. Thi diém st dung neo dét Asean Model Hinh 4. Kiém tra, ddnh gid chét lwong tai céng
tai dw dn Thung Liing Mwong Hoa, Sapa trwong luén la yéu cdu ky thuat hang déu

Quyét dinh chién luoc: sGn xudt ndi dia

Trén co s& két qua thi diém kha quan va nhu cau thj trudng ngay cang tang, SE Corporation dua ra quyét
dinh chién luvgc: thanh 1ap nha mdy sdn xuat neo dat tai Viét Nam. Day la budc di cd y nghia vuot ra ngoai
khuén khé cia mét dy an kinh doanh théng thudng. Vé phia SE Corporation, ddy |a cam két dai han ddi
vdi thi tredng Viét Nam thay vi md hinh xuat kh3u thuan tdy. Vé phia Viét Nam, day |13 co hoi tiép nhan
cOng nghé san xuat neo dat tiéu chudn Nhat Ban ngay trén Ianh thé trong nwdc, diéu ma trudc day chua
tirng co.
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Hinh 5. Hinh énh sén xudt neo dat Asean Model tai nhd mdy cia Tdp doan SE tai Hdi Phong, Viét Nam

Diém dic biét trong chién lvoc ndi dia hoa cla SE Corporation la wu tién sir dung ngudn nguyén vat
liéu trong nwdc — chd yéu la cap du ng luc va cac vat liéu phu trg ddp (ng tiéu chuln ki thuat Nhat Ban.
Cach tiép can nay vira gitp giam dang ké chi phi san pham so véi hang nhap khau hoan toan, vira gép
phan xay dung chudi cung &ng vat liéu dia ky thuat trong nuwdrc, tao gid tri gia ting bén vitng cho nganh
xay dung Viét Nam. Quan trong hon, viéc chuyén giao quy trinh kiém sodat chat luvgng theo tiéu chuan JIS
cho luc luvgng ki thuat Viét Nam s& gdp phan nang cao nang luc ndi dia trong linh vue dia kj thuat — mot
thi€u hut ma Viét Nam dang phai giai quyét. Su hién dién cla SE Corporation tai Viét Nam ciing dat ra ap
lwe canh tranh tich cuc d8i v&i cac san phdm nhap khau tir Han Qudc va Trung Quéc hién dang chiém linh
thi truvdng, thic day nang cao tiéu chuin chat lvgng chung cha toan thj trudng neo dat Viét Nam.

Két luan

Hanh trinh Nhat Ban tré thanh cwdng qudc trong linh viee neo dat I3 két qua cha su hdi tu gilra dp luc tat
yéu tlr diéu kién dia ki thuat dac thu, y chi xay dwng ha tang qudc gia va chién lwgc nghién cliru — tiéu
chuan héa — (rng dung c6 hé théng. Tir nhirng th&r nghiém dau tién tai dap Fujihara vao thap nién 1950
dén murc d6 phat trién hién nay véi hon 100.000 neo 13p dit mdi ndm, Nhat Ban d3 chirng minh rang neo
dat la nén tang an toan thiét yéu cia mot qudc gia day thach thirc vé dia ki thuat.

Vi Viét Nam — qudc gia co diéu kién dia hinh va khi hau twong déng, dang budc vao giai doan dau tu
ha tang quy md 1&n nhuwng chua tu chl duwoc cong nghé neo dat — cdu chuyén cta SE Corporation khéng
chi 1a cau chuyén kinh doanh ma con 1a hinh mau chuyén giao cdng nghé dia ky thuat thyc chat. Bai hoc
quan trong nhat tir Nhat Ban khéng phai 1a cac théng s6 ky thuat clia neo, ma 1a triét ly dau tu dai han
vao nghién ctru, tiéu chudn hda va kiém soat chat lwong — nhirng yéu t6 ma Viét Nam can xay dwng mét
céch cé hé théng trong thap ky téi.
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Ung dung bé& ngam cau truc t6 ong SAUL trong quan ly nwdc mua
do thi
Application of SAUL honeycomb underground tank in urban stormwater management

Pham Viét Anh
Dai hoc Xdy dwng Ha Néi. E-mail: anhpv@huce.edu.vn

Tém tat

Ngap ung doé thi dang la thach thirc 1&n tai Ha N6i va TP. H6 Chi Minh khi hé théng thoat nuwdc truyén
théng khdng theo kip t6c dd d6 thi héa. Bai bdo gidi thiéu toan dién gidi phap bé ngam s dung vat liéu
SAUL (Structures Alvéolaires Ultra-Légéres) — cau truc t6 ong siéu nhe bang nhua PP hodc PVC-U c6 do
rong 1én d&n 95% — nhu mat gidi phdp tich hop vira trit nuwdc mua, vira didu tiét lvu lwgng va cd thé gidm
tai trong 1&n nén dat yéu. Bai bdo trinh bay ciu tao hai dong san pham chinh (Nidaplast va Géolight), dac
trung co- ly- hda, co ché hoat ddng ba giai doan, va quy trinh thiét k& 5 budc day dd tich hgp TCVN 7957-
2008 véi hwéng dan ki thuat IFSTTAR (Phép). Vi du tinh todn minh hoa cho tuyén dudng Nguyén Huy
Tudng, Ha NOi xac nhan gidi phap kha thi ky thuat cho diéu kién Viét Nam.

Tir khéa: ngap lut d6 thi, vat liéu SAUL, bé ngdm nudc mua, quan ly nwdc mua dé thi, dia ky thuat

Pat van dé

Ngap ung d6 thj dang trd thanh mét trong nhitng thach thirc hang dau cda quad trinh d6 thj héa tai Viét
Nam. Chi can mét trdn muwa cé cudng d6 vuot ngudng 50-70 mm/gid 1a hang chuc tuyén phé & Ha Noi
va TP. H6 Chi Minh ngap sau tir 0,3 m d&n hon 1,0 m, gay thiét hai kinh t& uwéc tinh hang tram ty dong moi
mua mua va anh hudng truc ti€p dén hang triéu ngudi dan.

Nguyén nhan c6t 18i cé thé nhdm thanh ba nhém chinh: (i) B& mat khdng thAm nudc tdng nhanh do
bé-tdng hoa toan bd via he, san, dwong ndi bé — hé sé dong chdy mat dé thi hién nay dat 0,8-0,9 trong
khi 30 nam trudc chi khoang 0,4-0,5; (ii) HO diéu hoa bj |ap dé |1ay dat xay dwng — chi riéng Ha Noi d3 mat
hon 60% dién tich mat nudc trong ndi d6 so véi nam 1990; (iii) Hé thdng cdng thoat nudc dugc thiét ké
tlr thoi Phap thudc vai tiét dién nho, khéng duwoc ndng cap dong bd, khong dd nang luc tiéu thoat khi mua
[&n.

Cac giai phap truyén théng — nang cot dudng, nao vét cong, xay ham chira bé-tdng cét thép ngam, hay
tram bom cudng birc — cé diém chung a giai quyét thoat nudc theo hwdng "day nwdce di nhanh hon" ma
khéng gitt nwdc lai. Huwdng tiép cin hién dai trén thé gidi da chuyén sang "quan ly nwdc mua tai nguon"
((Source Control / Low Impact Development - LID)): gitt nwéc lai tai chd, gidm dinh 1 tic thoi, cho nuwéc
tham trd lai dat hodc tai s&r dung. Vat liéu SAUL la mét trong nhirng gidi phap tién ti€n nhat theo hudng
nay.

Puogc nghién clru va phat trién [an dau tai Phap ndm 1986, dén nay vat liéu SAUL d3 dugc ing dung
rong rai vdi téng khéi lvgng hon 300.000 m?3 tai Phdp, Anh, Dlrc, Nhat Ban va nhiéu quéc gia phat trién
khac. Tai Viét Nam, 13p dat thi diém dau tién dwoc thuc hién thang 8/2018 trén dudng Vo Van Ngan, Q.
Thd Birc, TP.HCM, st dung hé théng Cross-Wave cta Sekisui (SEKISUI, 2010) v&i dung tich 109 m3, chiju tai
xe dén 25 tan. Tuy nhién dén nay chua cé tai lieu hwdng dan thiét ké day dd bang tiéng Viét, phu hop véi
diéu kién k{ thuat trong nudc.

Bai bdo nay tap trung gidi thiéu toan dién giai phdp SAUL: ciu tao, dic tinh co hoc, co ché hoat dong
va quy trinh thiét k& day dd cé thé dp dung truc ti€p cho céc cong trinh d6 thj tai Viét Nam. Vi du tinh todn
tai Ha Noi dugc dwa vao dé minh hoa cach van dung quy trinh trong thyc té€. Hinh 1 minh hoa téng thé
mo hinh quan Iy nwdc mua théng minh tich hop hé théng SAUL.
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Vit liéu Saul

Hinh 9. Minh hoa quan ly nwéc muwa théng minh (LCPC va cdng sy, 1998).
Gidi thiéu vat liéu SAUL
Khdi niém va lich s phdt trién
SAUL la viét tat cla "Les Structures Alvéolaires Ultra-Légeéres" (ti€ng Phdp) — tam dich l1a cdu tric t6 ong
siéu nhe. DAy 3 loai vat liéu dia ky thuat téng hop dugc ché tao tir nhya nhiét déo, cd kién tric dang to
ong V@i cac 6 rong lén chiém ty 1& 92-98% t&ng thé tich. Nhd déc diém nay, mot khéi SAUL ¢é thé chira
lvgng nudc gan twong duwong thé tich cha chinh né trong khi khéi lvgng ban than chi 40-50 kg/m?3, nhe
hon dat dap thong thuwong khoang 3—4 [an.

Vat liéu dwoc nghién clru lan dau tai Laboratoire Central des Ponts et Chaussées (LCPC), Phdp vao nam
1986. Qua hon 35 nam cai tién lién tuc véi hang chuc cong trinh nghién ctru ly thuyét, thyc nghiém va mo
hinh s6, ndm 2011 IFSTTAR (Vién Khoa hoc va Ky thuat Giao thong Phap) ban hanh huéng dan ky thuat
toan dién, va nam 2017 ny ban K§ thuat chau Au ban hanh dy thao tiéu chudn quy dinh yéu cau tdi thiéu
vé vat liéu, hinh hoc va co hoc cho hdp nhua dung trong hé théng tham loc va luu trit nuwdc mua ngdm
(CEN/TC 155, 2017).

Cdu tao hai dong sén phdm chinh

Hién cé hai dong sdn pham SAUL thuong mai duwoc sir dung phé bién nhat, phan biét bdi vat liéu ché tao

va kién truc 6 rong:

e Dong san pham Nidaplast (vat liéu Polypropylene — PP): dwoc ché tao bang phan (ng trung hop
Propylen, tao ra cau tric cac 6 luc gidc dong déu trén mit phang (hexagonal honeycomb). Cac 6 luc
gidc duoc ¢ dinh bdi mang nhya méng va boc ngoai bang 1&p vai dia ki thuat khong dét (geotextile)
cé tac dung loc ngdn hat dat xam nhap vao bén trong, dong thoi lién két cac khdi véi nhau thanh hé
théng hoan chinh. Kich thudc khéi tiéu chuan: 2.400 x 1.200 x 520 mm, trong lugng 41 kg/m?3. Trén
cac mat xung quanh (mat déng), 1&p vai dia ky thuat cé thé duwoc bd tri mdt phan hodc toan bo tuy
muc dich s& dung (minh hoa trong Hinh 2). Loai vat liéu nay cling d3 duwoc nghién ctru &rng dung rong
rdi trong k{ thuat dudng bo nhu thay thé dat ddp nén dudng va dat dap sau tuwong chan (LCPC, 1992).

e DoOng san pham Géolight (vat liéu PVC-U — Unplasticized Polyvinyl Chloride): dwoc ché tao tir nhua
PVC khong héa déo, cé cau tric két hop gitta kénh doc mét cat luc gidc va kénh ngang mat cat hinh
thoi, tao ra kha nang dan nwéc dong déu theo ca hai phwong doc va phuwong ngang — wu thé ndi bat
so v&i Nidaplast. Kich thudc khéi tiéu chuin: 2.000 x 1.000 x 500 mm, trong lugng 50 kg/m?3. So véi
Nidaplast, Géolight cé khad ndng chdng tia cuc tim va chéng chay tét hon do ban chat héa hoc cda PVC-
U (minh hoa trong Hinh 3).
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Polyester khong dét
(tao bé mat lién két tét)

Mang nhua )
(cb dinh céac 6) Cau tric t6 ong

Polypropyléne .

(céc 6 luc giac) Hinh 10. Minh hoa mot mau
Nidaplast dién hinh (LCPC va céng
su, 1998).

Khéi doc (kénh doc) Khéi ngang (kénh ngang)
hinh luc giac hinh thoi

Hinh 11. Minh hoa mét mau Géolight
dién hinh (Rezania va cong su,
2012).

Ddc trung co - ly - héa

Bang 1 téng hop cdc dac tinh quan trong nhat cta hai loai vat liéu SAUL. Diém ndi bat |a cd hai déu dat
cuwdng do chiu nén theo phuwong dirng 400 kPa — dd dé chiu tai trong cac |&p dat phd va hoat tai xe tai
hang nang khi thiét ké ddng quy trinh. Mé-dun bién dang Eo = 30-35 MPa dam bdo bién dang tich Iy
trong gidi han cho phép trong suét 50 ndm tudi tho.

Bang 1. Bdc trung co-héa-ly cua hai logi vat liéu SAUL

Pac trwng Nidaplast (PP) Géolight (PVC-U)
Trong lugng riéng 41 kg/m3 50 kg/m?3

Kich thuéc (D xR x C) 2,4x1,2%x0,52m 2,0x1,0x0,50m
Vat liéu Polypropylene PVC-U

D6 rong 95% 95%

Cuong do nén doc truc 400 kPa 400 kPa

Cuong do nén ngang 20 kPa 30 kPa

Mé-dun bién dang Eo 30-35 MPa 30-35 MPa

Géc ma sat trong twong duwong 24° 35°

Chéng hydrocarbon Tot Tot

Chéng tia UV < 3 thang (can che) Tét

Chéng chay Nhay cdm Tét

Lwu y quan trong trong diéu kién Viét Nam: do Nidaplast nhay cdm vdi tia UV va chi chiu duoc phoi
sang tdi da 3 thang, can che phl hodc 13p dit nhanh trong qua trinh thi cong — diéu nay hoan toan kha thi
vi SAUL von duoc thiét k& dé [3p ngam. Géolight phu hop hon cho cac hang muc 16 thién tam thoi.
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Uu diém so sdnh vdi cdc gidi phdp truyén théng
So v&i bé chira nudc bé-tdng cot thép truyén thdng, vat liéu SAUL cé nhitng wu diém vuot trdi trong céc
b&i canh dac thu tai Viét Nam:

Bdng 2. So sdnh giGi phdp bé ngédm SAUL va bé bé-téng cét thép truyén théng

Tiéu chi B& BTCT truyén thdng B& ngam SAUL

Trong luvgng ban than Nang (> 2.400 kg/m3) Siéu nhe (41-50 kg/m3)
Tac dung |én nén yéu Tang tai trong nén Gidm tai trong nén

Thi céng Phirc tap, can may méc nang Thu cong, nhanh, linh hoat
Anh hudng giao théng Dai (vai thang) Ngan (vai ngay—tuan)

Do linh hoat bé tri Thap, phu thudc hinh dang Cao, md-dun héa ty do
Tich trir nuwdc/m3 xay dung ~60-70% ~95%

Chi phi thi céng ban dau Thap hon Cao hon (vat liéu nhap)
Chi phi vong doi (LCC) B3o tri cao, khd nang cap Thap, bén 50 nam

Co ché hoat déng chia hé théng SAUL

Ba giai doan vén hanh

Hé théng bé ngdm SAUL van hanh theo ba giai doan lién ti€p, tao thanh mot vong khép kin trong quan ly

nuwdc mua do thi:

e Giai doan thu gom: Nudc mua dugc dan vao hé thong theo hai con duwdng. Thi nhat, tham thang
dirng qua I&p phi bé mat tham (bé-tdng rong porous concrete, gach lat khe hé, da dam gia cd nhua
duong) vai hé sé tham yéu cau = 1 cm/s. Thi hai, thu gom tap trung qua hé ga va hé théng céng ngang
dan vao. Tai cac khu vie & nhiém (b3i d6 xe, dwdng cé nhiéu xe tai), can bé tri bé 13ng hodc thiét bi
tach dau md& trudc khi nwdc vao hé théng SAUL.

e Giai doan lwu trit va diéu tiét: Nhe d6 rdng 95% va strc can thiy lwc cuc thap, toan bo khéi SAUL day
nuwdc rat nhanh ngay sau khi muwa I&n — thyc t& nhw mot hd chira mém déo ngam dudi long dat. Luu
lvgng thoat duwoc kiém sodt bang van diéu tiét, gidm dinh [T tirc thoi va kéo dai thoi gian thoat nuéec.
Ap luc thiy tinh phan bd déu trong toan khdi nho két noi lién thong gitra tat ca cac 6 rong.

e Giai doan hoan tra va tai sir dung: D3i véi khu vire khong 6 nhiém va nén dat cé do tham tét, nwdc
tham qua ddy hé théng vao nén dat, gép phan bd cap nwédc ngam. B6i véi khu vire 6 nhiém hodc nén
dat khéng tham, nudc duoc niém phong hoan toan va bom 1én s dung: tudi cay do thi, rira duong,
nuwdc chita chdy — tiét kiém déng ké chi phi cap nudc.

Cdc mé hinh bé tri pht hop diéu kién Viét Nam

Tuy thudc vao khéng gian, dia hinh va muc dich s dung, hé théng SAUL cé thé dwoc bd tri theo cdc md
hinh khac nhau, xem Bang 3.

Trong diéu kién dia chat yéu dic trung tai TP. H6 Chi Minh va vung Pong bang séng Clru Long, md hinh
b& tri dudi long dudng cé thém Igi ich ddc biét: SAUL nhe hon dat dap thong thuong khoang 3—4 [an, do
dé thay thé dat dap bang SAUL thuc chat 1a "gia c6 nén" thu dong bang vat liéu nhe, gidm I4n bé mat va
kéo dai tudi tho két cdu mat duong.

Quy trinh thiét ké bé& ngam SAUL du¢i long duwdng

Nhém tac gia téng hop quy trinh thiét ké 5 bwdc tir hwéng dan ki thuat IFSTTAR (2011), khung tham chiéu
thiét k& SAUL cla Perrier & Valla (2007), tiéu chuan chau Au (CEN/TC 155, 2017) va tich hop véi TCVN
7957-2008, tao céng cu thiét ké hoan chinh cho ky sw Viét Nam.
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Bdng 3. Cdc mé hinh b6 tri hé théng SAUL va pham vi trng dung tai Viét Nam

Vi tri b6 tri Pac diém Phu hop tai Viét Nam

Chiu tai xe |én dén 60 T; bé rong

SAUL < 2/3 chiéu réng mat duong Rhiclbicnihat

Dudi long duong

Tai nhe, dé thi cdng; két hop tudi cay

Duéi via hé dudng pho tu déng

R4t phu hop

Can x& ly ddu md; tan dung dién tich

|&n, thuwong tréng D6 thi méi

Dudi bai do xe

Dung tich 1&n, bé mat khong bi dnh
hudng; két hop tai s dung nudc | Tiém ninglén
tudi cay

Dudi céng vién, san thé
thao

Thay thé dat dap sau | Giam &p lucthly tinh |én twong, ting

tudng chan 8n dinh; thdm nudrc t6t Vung BBSCL, ven song

Xdc dinh théng sé déu vao

Can thu thap day du bon nhém théng s6:

e Théng sé hinh hoc va giao théng: chiéu dai, chiéu rong tuyén dudng; loai phwong tién va tai trong
thiét ké; diéu kién 2 bén hdéng (tu do hay cé tai trong ké bén).

e Thoéng s6 thly van: dién tich luu vuc F (m?), hé s6 chdy bé mat ¢ (tra Bang PL1 theo loai mat phu),
cuwong doé mua thiét ké g (I/s/ha) theo TCVN 7957-2008, thi gian mua tinh todn t (gi®).

e Théng sé dia chat: trong luvgng riéng y (kN/m3), gbéc ma sat trong ¢ (dd), lwc dinh ¢ (kPa) cla tirng |6p
dat; myc nwdc ngam thiét ké.

e Thong s6 vat liéu SAUL: do nha sdn xuat cung cap, bao gom cudng dd ddc treng ngan han va dai han
theo cd phuong doc va ngang, bién dang gidi han cho phép.

Xdc dinh thé tich va bé tri vét liéu

Luu lwvgng muwa d6 vao tuyén dudng trong thoi gian mua t (gio):

Q=y-q-F-t (m’ (1)
Diéu kién thé tich: lwu lwgng cé ich cha khdi SAUL phai I&n hon lvu lwong mua thiét ké:
Qcsich=V - Ca2 Qn - VZQn/Ca (2)

trong do, V 1a thé tich khéi SAUL can bé tri (m3); C, 1a hé s& déng gép hiéu dung clia vat liéu, bang ty [& d6
rong thuc té€ do duoc (thudng C, = 0,93-0,95, 13y theo catalog nha san xuat).

Kich thuwéc chon chan theo mé-dun vat lidu. VAt liéu SAUL phai duoc b6 tri & d6 sau 1,0-1,5 m tinh tur
mat dwong dé dam b3o du chiéu day 1dp phu chiu tai.
Kiém tra TTGH1 — Trang thdi gidi han cworng dé
Diéu kién kiém tra téng hop theo ca phuong doc (dirng) va phuong ngang:

. 3)

Qap + Qar + Qan <

P, Pas Py
trong do,
Qap = Qckp X Yirp X Vsf: Ung sudt do tai thuong xuyén thiét ké (trong lwgng ban than I6p dat pha, két
cdu mat duwong);
Qar = Qckr X Yirr X Vsp: ng sudt do tai tam thoi thiét ké (hoat tai xe theo TCVN 11823-2017);
Qan = Qckn X Yirm X Vsp: Ung sudt do ap luc thly tinh thiét k€ (bang 0 theo phuong dirng khi khéng
cd muc nuwdc ngam; tinh vao tai dai han phuong ngang);
Py = P cx1/ Yms: stc chiu tai thiét k& dai han theo chiéu doc (50 ndm);
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Pps = P cxs/ Yms: stc chiu tai thiét k& ngan han theo chiéu doc;
Viep, VirT, Vien 1a hé s6 tai trong tuong ng; yss la hé sé vi tri; yms 1a hé s6 vét liéu.
Kiém tra dugc thuce hién cho hai trugng hop bién: (i) hai bén hong ty do; (i) ¢ tai trong ké bén.

Kiém tra TTGH2 — Bién dang

Diéu kién bién dang: S < [S], trong d6 [S] 1a bién dang gidi han cho phép, S |a bién dang tich [Ty theo md
hinh logarithm thoi gian (At tinh bang gi®):

Bién dang doc: S;=0,51 x In(At) (mm) (4)

Bi€n dang ngang: S, =0,65 x In(At) (mm) (5)

Hai m&c thoi gian tinh todn: (i) 12 thang (At = 8.760 gi®) — tuwong (ng thoi diém thi cdng xong 1ép mat
duweong nhua sau khi lap SAUL; (i) 50 ndm (At = 438.000 gi®) — tudi tho thiét k&. Gia dinh thoi gian 12 thang
tlr khi 1ap hé dén khi thi cong |dp mat dudng asphalt la khoang thai gian téi han cho bién dang.

Kiém tra strc chiu tdi ciia nén dat
Ap luc 1én nhat tac dung 1én nén dat dudi I&p SAUL (trudng hop bat loi: bé chira day nuwérc):

Prnax = Qckr + Vou X hyy + Vi X hy (6)

trong dé yuv la trong luvgng riéng vat liéu SAUL (kN/m3); hyla chiéu cao khoi vat liéu (m); yw = 9,81 kN/m3
la trong lwong riéng nudc.

Strc chiu tai cho phép clia nén tinh theo cong thirc Terzaghi véi cac hé s6 strc chiu tai Ny, Ny, Nc phu
thudc géc ma sat trong ¢, va hé sé an toan Fs > 2,0.
pgh
Pl =—
[P] 2

Diéu kién: Pmax < [P].
Luu y: trong diéu kién nén dat yéu (phé bién tai TP. H6 Chi Minh va PBSCL), budc nay thuong 1a budce
kiém soat va cé thé dan dén yéu cau phan tan tai trong qua |&p dém vat liéu hat roi.

Vi du tinh todn minh hoa — Tuyén dudong Nguyén Huy Twdng, Ha Noi

Dé& minh hoa cach van dung quy trinh 5 buwdc vao thyc t€, nhom tac gia dp dung cho tuyén dudng Nguyén
Huy Twdng, quan Thanh Xuan, Ha Néi — mot tuyén thudng xuyén ngdp ung mua mua, dai dién cho dia
hinh ndi d6 phd bién.

Théng s6 dau vao: chiéu dai 500 m, réng 7 m; dién tich luvu vuc F = 18.000 m? duwgc xac dinh theo
nguyén tac chia doi lwu vuc gitra cac tuyén duong 1an cn, thé hién trong Hinh 4; dia chat 16p 1 (sau 1 m):
datnény =18 kN/m3, ¢ = 32°; 1&p 2 (sdu 6 m): cat hat min chat vira y = 20 kN/m3, ¢ = 28°. Lwu lwgng mua
tinh todn 3 gio theo TCVN 7957-2008: Q, = 1.135,4 m3.

VAt liéu lya chon: Nidaplast (PP), kich thudc 2.400 x 1.200 x 520 mm, C, = 0,95. T diéu kién V > Q,/C,
= V> 1.195 m3. Chon 900 khdi, bé tri 2 1&p x 3 hang x 150 khdi/hang trai dai 360 m x réng 3,6 m x cao
1,04 m, dat & d6 sau 1,2 m so vdi mat dudng. Thé tich hiru ich: 900 x (2,4 x 1,2 x 0,52) x 0,95 ~ 1.280 m?3
>1.135,4 m3 > Dat.

K&t qua kiém tra TTGH1 (Buwdc 3) vai cwdng d6 thiét ké dai han 50 ndm: 83 kN/m? doc, 18 kN/m? ngang:

Bdng 4. Két qud kiém tra TTGH1 vt liéu SAUL

Phuong Biu thirc kiém toan Gia tri Két luan
Doc (ding) 32,4/82,7 + 102/193,3=0,39 + 0,53 0,92<1 DAT
Ngang 10,61/18 + 2,18/42,7 = 0,59 + 0,05 0,64<1 DAT
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Kiém tra TTGH2 (Buéc 4): Bién dang doc 50 ndm: S; = 0,51 x In(438.000) ~ 6,5 mm; bién dang ngang: S,

= 0,65 x In(438.000) ~ 8,3 mm — déu nho hon bién dang gidi han cho phép cla mat dudng theo TCVN.
Kiém tra strc chiu tai nén (Bwdc 5): Pmax = 148 kPa < [P] = 312 kPa (Terzaghi, cat chat vira ¢ = 28°, Fs = 2,1).
Tat ca 5 budc kiém tra déu dat.

550

28

Q

Hinh 4. Lwu vire tuyén duong Nguyén Huy Tudng.

Két ludn

1.

V4t liéu SAUL v&i d6 rong 95%, cuwong dd chiu nén doc truc 400 kPa, mé-dun bién dang 30-35 MPa va
tudi tho thiét k& 50 ndm Ia gidi phap k¥ thuat hoan chinh cho bai toan trir nwdc mua ngam dé thi.

U'u thé canh tranh néi bat ciia SAUL trong diéu kién Viét Nam gém: (i) tdn dung khdng gian dudi long
duong, khéng tén dat mat; (ii) thi cdng nhanh, it anh hudng giao thong; (iii) ddc biét phu hop nén dat
yéu do giam tai trong nén 3—4 Ian so v&i dat dap; (iv) 95% nuwdc tich trir cé thé tai sir dung.

Quy trinh thiét k& 5 budc duwoc dé xuat, tich hgp TCVN 7957-2008 véi hwéng dan IFSTTAR (Phép) va
tiéu chuan prEN 17152-1:2017, tao cong cu thiét k& day dd va s&r dung duoc truc tiép cho ky su Viét
Nam.

Vi du minh hoa tai tuyén dudng Nguyén Huy Tuwédng, Ha Noi (Ilvu viee 18.000 m?) xac nhan giai phap
hoan toan kha thi: 900 khéi Nidaplast bé tri 2 1&p tich trir dwgc 1.280 m3, vuot luu lwgng mua 3 gid
(1.135 m3); toan bd cac diéu kién TTGH1, TTGH2 va sirc chju tdi nén déu thda man.

Han ché hién tai |a chi phi vat liéu nhap khau con cao. Hwdng nghién ctru ti€p theo can tap trung vao
phan tich kinh t& vong d&i (LCC) toan dién, kha nang san xuat ndi dia va xay dung bd tiéu chuin ky
thuat quéc gia cho hé thdng bé ngam SAUL.
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GOC QUOC TE
Nhat ky DKT qu6c té€, 15/06/2026

International Geotechnical Diary

Lé Viét Hung
Technische Universitét Berlin. E-mail: v.le@tu-berlin.de

Phung DBurc Long
Héi Co Hoc Bét va Dja Ky Thudt Céng Trinh Viét Nam. E-mail: phung.long@gmail.com
Cap nhat lich cac sw kién hdi nghi, hdi thdo quédc té trong théi gian téi

Theo trang Web ctia hdi DKT Quéc TE ISSMGE, mot loat cac hdi thao, hoi nghj quéc té sé dién ra nhu
thudng 1 trong thai gian téi. Trong danh sach dudi day 1a mot sd héi nghi, hdi thao tiéu biéu dugce chon
loc tir danh sach trén, trich dan tir trang Web ctia ISSMGE (www.issmge.org). Théng tin chi tiét xin dwoc

cap nhét trén trén website cla don vj té chirc.

Thoi gian Sy kién Noi diénra
14.06. - 21st International Conference on Soil Mechanics and Austria Center Vienna, Vienna,
19.06.2026 | Geotechnical Engineering ICSMGE. Austria,
(H6i nghi CHD va DKTCT qudc té [an thir 21, tai Vién, 2026) | https://www.icsmge2026.org/en/
26.06. — Summit of Large-Diameter Engineering Shafts, Piles and Thuwong Hai, Trung Quéc
28.06.2026 | Deep Foundations.
(H®i nghi qudc té vé vé cdng nghé giéng sau, coc va mdng
sau duwong kinh 16n)
06.07. - Summer School - Numerical Modelling in Geotechnical Innsbruck — Ao
10.07.2026 | Engineering https://www.uibk.ac.at/en/weiter
(Trwong hé - Mé hinh sé trong dia ki thuat) bildung/numerische-
modellierung/
06.08. — 12 International Symposium on Field Monitoring in Indore - An Do
10.08.2026 | Geomechanics 2026 https://isfmg2026.com/
(Hoi nghi chuyén dé quéc té lan thir 12 vé quan trac hién
trudng trong co hoc dia chat 2026)
24.08. - International Conference on Advances and Innovations in Delft - Ha Lan
26.08.2026 | Soft Soil Engineering 2026 ISSMGE Technical Committee 214
(H6i nghi qudc té vé nhirng ti€n bd va d6i mdi trong ky
thuat dat yéu 2026)
24.08. - International Conference on Geotechnical Engineering - Colombo - Sri Lanka
25.08.2026 | ICGE-Colombo 2026 https://icgecolombo2026.org/
(H6i nghi qudc té vé dia ky thuat - ICGE-Colombo 2026)
07.09. - The 3™ International Conference on Construction Cambridge - Anh
08.09.2026 | Resources for Environmentally Sustainable Technologies, https://engage-
CREST 2026 events.ifm.eng.cam.ac.uk/IC-
(H6i nghi qudc té [an thi 3 vé Tai nguyén xay dung cho CREST2026#/
Céng nghé bén virtng moi truvdng, CREST 2026)
14.09. - Scientific Colloquium: Large Scale Testing 2026 Karlsruhe — Drc
15.09.2026 | (H6i thao khoa hoc: Thi nghiém quy mé I&n 2026) https://www.ibf kit.edu/908.php
14.09. - 18th European Conference on Earthquake Engineering Berlin — Dlrc
18.09.2026 | (H6i nghi Chau Au lan ther 18 vé ki thuat ddng dat) https://ecee2026.eu/
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16.09. - 4™ international Symposium on Geotechnical Engineering Athens - Hy Lap
18.09.2026 | for the Preservation of Monuments and Historic Sites https://tc301-athens.com
(H6i nghi chuyén dé qudc té [an thi tu vé dia ki thuat bao
ton di tich va di tich lich s)
21.09. - 2" International Conference on In-Situ Measurement of Bali - Indonesia
23.09.2026 | Soil Properties and Case Histories - INSITU 2026 http://www.insitu2026.com
(H&i nghi qudc té [an thi 2 vé do dac hién truwdng cac dac
tinh cha dat va lich sl trudng hop - INSITU 2026)
13.10. - 6" International Conference on Information Technology in | Graz - Ao
16.10.2026 | Geo-Engineering https://www.icitg2026.com/
(Hoi thao quéc té [an thr 6 vé cdng nghé thdng tin trong k§
thuat dia chat)
04.11. - International conference on performance-based design in Puerto Varas — Chile
206.11.202 | earthquake geotechnical engineering http://www.pbd-v-chile.com
6 (H6i nghi Quéc té vé Thiét ké dya trén Hiéu nang trong Ky
thuat Pia k§ thuat Dong dat)
26.11. - 6" The International Conference on Geotechnics for Ha NGi - Viét Nam
27.11.2026 | Sustainable Infrastructure Development — GEOTEC HANOI https://geotechn.vn/
(H6i nghi qudc t& vé Dia ki thuat cho Phat trién co s& ha
tang bén virng 1an th& 6 — GEOTEC HANOI)
17.03. - GeoMandu 2027, 11th AYGEC and 1st SACG: Mountain Kathmandu — Nepal
19.03.2027 | Geotechnics for Infrastructure Developmen https://geomandu.ngeotechs.org/
(GeoMandu 2027, Pia ky thuat mién nui phuc vy phat trién
co s& ha tang)
12.04. - IS-GI Lyon 2027: International Symposium on Ground Lyon — Phap
14.04.2027 | Improvement https://www.menard-
(IS-GI Lyon 2027: H6i nghi chuyén dé quéc té vé cdi tao dat) | group.com/isgi-lyon2027/
12.05. - CPT'27: International Symposium on Cone Penetration Vancouver — Canada
14.05.2027 | Testing http://www.cpt27.org
(CPT'27: Hoi nghi chuyén dé quéc té vé thi nghiém xuyén
tinh)
09.06. — XVIII. Danube-European Conference on Geotechnical Budapest — Hungary
12.06.2027 | Engineering http://www.18decge.hu
(Hoi nghi 1an thir 18 Danube-Chau Au vé dja kj thuat)
28.06. — 1st International Conference on Sustainability in Lisboa — B6 Pao Nha
01.07.2027 | Geotechnical Engineering (ICSGE 2027) https://icsge.lnec.pt
(Hoi nghi Qudc té [an thir nhat vé tinh bén virng trong dia
k¥ thuat (ICSGE 2027))
21.09. - 11th European Conference on Numerical Methods in Graz— Ao
24.09.2027 | Geotechnical Engineering http://numge2027.tugraz.at
(Hoi nghi Chau Au lan thr 11 vé cac phuong phép s6 trong
dia ky thuat)
01.11.- The 10th International Congress on Environmental Kyoto — Nhat Ban
04.11.2027 | Geotechnics https://10iceg.org/
(Pai hdi quéc té lan thir 10 vé dia ky thuat moi trudng)
20.08. - 19th European Conference on Soil Mechanics and Istanbul — Thd Nhi Ki
25.08.2028 | Geotechnical Engineering http://zmgm.org.tr

(Hoi nghi Chau Au Ian thr 19 vé co hoc dat va dia ki thuat)
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Tin van quéc té cia ISMGE dén thang 6 nam 2026

Ban tin hodi ISSMGE thang 3-2024: https://www.issmge.org/publications/issmge-bulletin/vol-18-issue-1-march-
2024

Ban tin hoi ISSMGE thang 6-2024: https://www.issmge.org/publications/issmge-bulletin/vol-18-issue-2-june-
2024

Ban tin héi ISSMGE thang 9-2024: https://www.issmge.org/publications/issmge-bulletin/vol-18-issue-3-
september-2024

Ban tin héi ISSMGE thang 12-2024: https://www.issmge.org/publications/issmge-bulletin/vol-18-issue-4-
december-2024

Ban tin hoi ISSMGE thang 3-2025: https://www.issmge.org/publications/issmge-bulletin/vol-19-issue-1-march-
2025

Ban tin hoi ISSMGE thang 6-2025: https://www.issmge.org/publications/issmge-bulletin/vol-19-issue-2-june-
2025

Ban tin héi ISSMGE thang 9-2025: https://www.issmge.org/publications/issmge-bulletin/vol-19-issue-3-
september-2025

Ban tin héi ISSMGE thang 12-2025: https://www.issmge.org/publications/issmge-bulletin/vol-19-issue-4-
december-2025
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DANH SACH HOI VIEN QUOC TE CUA HOI VSSMGE, NAM 2026

VIETNAM SOCIETY FOR SOIL MECHANICS AND GEOTECHNICAL ENGINEERING
ISSMGE MEMBERSHIP 2026

Family name Initial Family name Initial
1 Bui Dinh Nhuan 21 Huynh Thanh Binh
2 Bui Van Truong 22 Lam Ngoc Qui
3 Bui Truong Son 23 Le Dinh Viet
4 Bui Van Duc 24 Le Viet Hung
5 Dang Heong Lam 25 Le Thiet Trung
5] Dao Trieu Kim Cuong 26 Le Thu Hanh
7 Dinh Quang Thanh 27 Le Hong Quang
P Dinh Quoc Dan 28 Lu Trieu Duong
g Do Minh Duc 29 Mai Trieu Quang
10 Do Thanh Hai 30 Nguyen Anh Dung
11 Do Huu Dao 31 Nguyen Ba Quang Vinh
12 Do Tuan Nghia 32 Nguyen Bao Viet
13 Doan Dinh Hong 33 Nguyen Chau Lan
14 Doan Minh Tam 34 Nguyen Cong Giang
15 Duong Thai Phan 35 Nguyen Duc Manh
16 Higashi Masaya 36 MNguyen Manh Truong
17 Ho Duc An 37 Nguyen Manh Tuong
18 Hoang Phuong Tung 38 Nguyen Minh Hait
19 Hoang Thi Lua 39 Nguyen Minh Son
20 Hoang Viet Hung 40 Nguyen Ngec Bao
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Family name Initial
a1 Nguyen Ngoc Thanh
42 Nguyen FPhuong Dong
43 Nguyen Quang Tuan
44 Nguyen Quy Huy
45 Nguyen Thanh Dat
45 MNguyen Thi Thuy
47 Nguyen Thi Tuyet Trinh
48 Nguyen Tien Dung
49 Nguyen Trung Kien
50 Nguyen Trung Thanh
51 Nguyen Tuan Dung
52 Nguyen Van Hoan
53 Nguyen Van Phong
54 Nguyen Viet Hung
55 MNguyen Xuan Truong
56 Nguyen Cong Nghia
57 Nguyen Quoc Khanh
58 MNguyen Viet Tuan
5g Nguyen Thanh Chi
60 Pham Ngoc Thang
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Family name Initial
61 Pham Quang Tu
62 Pham Quoc Dung
63 Pham Thanh Lam
64 Pham Viet Khoa
65 Fhan Khac Long
66 Phung Duc Long
67 Su Minh Dang
68 Ta Cong Thanh Vinh
69 Tran Huy Hung
70 Tran Quang Dat
71 Tran Thi Thanh
72 Tran Thu-Hang
73 Tran Tuan Anh
74 Tran Van Tuan
795 Tran Tan Van
76 Trinh Minh Thu
77 Truong Quang Manh
78 Vu Ba Thao
79 Vu Anh Tuan
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Hoat ddng cac tiéu ban ky thuat (TC) cha ISSMGE

Céc tiéu ban ki thuat duoc ISSMGE thanh [ap nham muc dich phéi hop, dé xuat cac nghién ctru cap béch,
dwa ra cac vin ban huéng dan ciing nhu hd trg cac hoi thanh vién, t8 chirc hoi thao, khéa hoc ciing nhw
tap huan trong linh vuc chuyén mén hep. Hién tai da cé téng cdng 38 tiéu ban k§ thuat dugc thanh lap
(https://www.issmge.org/committees/technical-committees). Trong s6 d6 VSSMGE cé dai dién trong 20
ti€u ban khac nhau. Trong ndm 2026, VSSMGE c6 23 hoi vién tham gia vao 20 Tiéu ban k{ thuat (Technical
Committee) cua ISSMGE, xem danh sach dudi day.

DANH SACH THANH VIEN CAC TC CUA VSSMGE, NAM 2026

TC Tiéu ban (TC) Thanh vién
TC101 Laboratory Stress Strain Strength Testing of Lé Viét Hung
Geomaterials
TC102 Ground Property Characterization from In-Situ Nguyén Tién Diing
Tests
TC103 Numerical methods Phung Birc Long, D6 Tudn Nghia, Lé Viét Hung
TC104 | Physical Modelling in Geotechnics Vi Anh Tuén, Dang Hong Lam, Tran Van Tuan
TC105 Geo-Mechanics from Micro to Macro Ding HoNng Lam
TC106 Unsarturated Soils Hoang Viét Hung, Nguyén Minh Hai
TC202 Transportation Geotechnics Nguyén Trung Thanh
TC203 Earthquake Geotechnical Engineering and Tran Thu Hang, Poan Minh Tam
Associated Problems
TC204 Underground Construction in Soft Ground Phung Birc Long, 6 Tuan Nghta, Tran Huy Hung,
Tran Thu Hang
TC208 | Slope Stability in Engineering Practice Nguyén Dlrc Manh, 6 Tuan Nghia, Nguyén Bao
Viét
TC209 Offshore geotechnics Lé Viét Huwng, Doan Binh Hong, Nguyén Viét
Hung
TC211 Ground improvement Nguyén Blrc Manh, Nguyén Bao Viét, LAm Ngoc
Qui
TC212 | Deep foundation Phung Birc Long, Vi Anh Tuén, Tran Huy Hung,
Tran Van Tuan
TC214 Foundation Engineering for Difficult Soft Soil Nguyén Anh Diing
Conditions
TC217 Land Reclamation Hoang Phuong Tung
TC220 Field Monitoring in Geomechanics Nguyén Anh Diing
TC221 Tailing and mine wastes St Minh Dang
TC302 Forensic Geotechnical Engineering Nguyén Minh Hai
TC304 Engineering Practice of Risk Assessment and St Minh Ddng, Pham Quang Tu
Management
TC309 Machine Learning and Big Data D06 Thanh Hai, Lé Dinh Viét, Phung Dtrc Long
Téng: 20 Téng: 23 Hoi vién, Téng s6 ngudi/TC: 41

Chu thich: Trong danh sach nay, tén mau xanh la thanh vién chinh thirc (nominated member), con tén mau
den 13 thanh vién thdng tan (coresponding member). Mbi hoi thanh vién qudc gia chi dugc dé clr 2 thanh
vién chinh thirc tai moi TC.
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Mot nha dia k§ thuat nguwdi Thuy Dién, ngudi coi Viét Nam nhuw qué
huong th& hai cia minh, d3 ra di

A Swedish geotechnical engineer, who considered Vietnam his second home, has passed away

Phung Durc Long

Héi Co Hoc Pét va Bia Ky Thudt Céng Trinh Viét Nam. E-mail: phung.long@gmail.com

Nguyén Anh Diing
Héi Co Hoc Pét va Pja Ky Thudt Céng Trinh Viét Nam. E-mail: areniscas50@gmail.com

Mét nha dia k§ thuat Thuy Dién, d3 s6ng va lam viéc tai Viét Nam 35
ndm, maéi qua doi. Ong Bertil Ernfrid Nord, sinh nd3m 1944 tai Thuy Dién,
md&i mat ngay 8/3/2026 tai Nha Trang. Ong nguyén 1a Cha tich Hoi Dia Ky
thuat Thuy Dién (Svenska Geotekniska Foreningen) giai doan 1982-1983.
Nam 1984 6ng chuyén sang Singapore lam viéc cho mot cdng ty con thudc
tap doan NCC Thuy Dién. Ndm 1991 6ng chuyén sang Viét Nam lam viéc.
Ké tir d6 dng Bertil séng tai noi ma dng coi la qué huwong thi hai cha minh
cho t&i cudi doi.

Ong Bertil Nord cé trén 50 ndm kinh nghiém trong linh virc dia k§ thuat va thiét k& nén méng. Ong tirng
lam viéc tai nhiéu noi trén thé gidi: chau Au, chau Phiva Chau A. Ong d3 lam viéc tai Pong Nam A trong
hon 40 ndm qua. Ong cé nhiéu kinh nghiém trong viéc thanh 1ap va quan ly cac cdng ty méi tai Singapore,
Malaysia va Viét Nam v@i tu cach 13 nha thau chuyén nghiép trong cac linh vic nhu gia ¢ nén méng céc
cong trinh hién cd, cai tao dat nén, cling nhu tv van chuyén nghiép vé khado sat dia kj thuat va thiét ké
maong. Bertil c6 kinh nghiém trong thiét ké va thi cong cdc du dn xay dwng da dang, tir cdc hang déng ngam
dé chira dau dén céc cong trinh cdng nghiép va cac toa nha dan dung cao tang, bao gbm ca quan ly xay
dung va quan ly du an. Ong cling c6 kinh nghiém véi tu cach |a chuyén gia lam ching trong mot sé vu
trong tai va thi tuc té tung tai toa an lién quan dén cic dy an k{ thuat ddn dung va nén mong.

Cong ty COFEC Consultants la céng ty lién doanh dau tién cla Viét Nam trong linh vy tu van Dia k§
thuat. Cong ty dwgc dng cung Vién Khoa hoc Cong nghé Xay dwng (IBST) thanh |ap theo y twdng clia 6ng
cung ¢4 GS.TS nguyén Trweong Tién vao ndm 1991. D4 |a giai doan dau tu 6 at clia cac nwdc phuong Tay
vao Viét Nam, dan dén sy doi hdi cla viéc du nhap cac tiéu chuan thiét ké va ky thuat xay dwng theo
trudng phai phuong Tay vao nuéc ta. COFEC d3 ti€p budc chuong trinh hop tac khoa hoc ki thuat 12 ndm
gitra IBST va Vién Dia k§ thuat Thuy Dién (SGI), lam ciu néi gilia dat nuwdc Viét Nam sau nhiéu ndm bi cd
lap v&i thé gidi. Cong lao nay dugc gan lién véi sy gitip d& tham I&ng cla 6ng Bertil. Ong tao diéu kién tiép
xuc véi cac dbi tac qudc té& trong linh vire xay dwng, dic biét trong linh vure Dia Ky thuat. Ong da moi cong
ty Hercules Grundlaggning AB, thi cong tru xi mang dat tai Viét Nam, m& dau cho sy phat trién rong rai
cla céng nghé tru xi mang dat trong viéc gia c6 nén dat yéu tai Viét Nam.

Tuy khéng phai 13 héi vién chinh thic cla Hoi Co Hoc DAt va Dia Ky Thuat Cong Trinh Viét Nam
(VSSMGE), nhung 6ng Bertil thudng xuyén déng hanh vdi cac hoat ddng cta Héi. Co thé diém ra mot sé
sy kién lén cta HOi ma 6ng d3 tham gia:
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e Hoithao bia k{ thuat qudc té tai Hanoi, 1992.

e Dai h6i VSSMGE va Hoi nghi khoa hoc tai Ha N6i, 2010.

e Hoithao khoa hoc “Sustainable Environmental Development Swedish — Vietnamese Cooperation”, do
VSSMGE, Trudng DH Chalmers University of Technology va trwedng DH Xay dwng Ha Noi déng té chirc,
dugc té chire SIDA (the Swedish International Development Cooperation Agency - Co quan Hop tac
Phat trién Qudc té Thuy Dién) tai tro vao thang 4/2012 tai Ha Noi.

e Cdc Hoi nghj Dia ki thuat qudc té Geotec Hanoi 2011, 2013, 2019, cung nhiéu hoi thao khoa hoc khéc tai Viét
Nam.

TS. Bo Berggren, mdt ngudi ban than thiét cla Bertil, mot ngudi Thuy Dién khac luén gan bé vdi Viét
Nam, viét vé dng Bertil Nord nhu sau: “... Bertil |a mét con ngudi manh mé&, mét ngudi ban tuyét voi va vo
cung hém hinh. Ong Idam phong phu thém cudc séng xung quanh bang sy hai hudc nhe nhang va tham
thdy. Chdng ta luén cdm thay minh duoc tran trong khi & gan éng ...”

Vinh biét 6ng, chiing ta m3i mai nhé vé mot nguwdi Thuy Dién dac biét tai Viét Nam, mét ngudi ban cla
nhiéu hoi vién Hoi VSSMGE, mdt nha dia k§ thuat Chau Au d3 déng gép nhiéu cho sy nghiép xay dwng qué
huwong th hai clia minh tai Chau A.
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MOT SO HINH ANH ONG BERTIL NORD THAM GIA HOAT DPONG CUA HOI VSSMGE

Hinh 1. Héi nghj Bia ky thudt quéc té€ Hanoi Hinh 2. Héi nghi Bia ky thudt quéc té VGD2010
1992 tai Ha Néi tai Ha NGi, thang 6/2010

Hapoi, 2013

Hinh 3. Héi thdo quéc té Phdt trién bén vitng Hinh 4. Héi nghi BKT quéc té Geotec Hanoi

mdi trwong do SIDA tai tro tai Ha Ni, thdng 2013 tai Ha Néi, thang 11/2013
4/2012

Hinh 5. Héi nghj BKT quéc té Geotec Hanoi
2019 tai Ha Néi, thdng 11/2019
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Gidi thiéu h6éi nghi GEOTEC HANOI 2026
Introduction of GEOTEC HANOI 2026

Nguyén Tién Diing
FECON R&D. E-mail: ntdung@fecon.com.vn

Phung Blrc Long
Héi Co Hoc Bét va Pja Ky Thudt Céng Trinh Viét Nam. E-mail: phung.long@gmail.com

Gioi thiéu chung

Tiép néi thanh cdng cla céc ky héi nghj trudc, H6i nghi GEOTEC HANOI Ian thir 6 (GH2026) sé dugc té
chirc vao ngay 26-27/11/2026 tai Trung tdm Hoi nghi Qudc gia (NCC), Ha Nai, Viét Nam. GH2026 sé duwoc
doéng t6 chirc bdi don vi: cdng ty c6 phan FECON, Hoi Co hoc dat va Dia ki thuat cong trinh Viét Nam
(VSSMGE), va Hoi Co hoc D3t va K§ thuat Dia chat cong trinh Trung Quéc (CISMGE), dudi sy bdo trg cla
H6i Co hoc dat va Dia ki thuat cdng trinh Qudc té (ISSMGE). GH2026 dugc gidi thiéu trén trang web cla
ISSMGE tai duwong link: https://www.issmge.org/events/geotec-hanoi-2026-gh2026.

Hoi nghi qudc té “vi sy phat trién ha tang bén virng” — GEOTEC HANOI (https://geotechn.vn/) d3 5 lan
duogc td chirc thanh céng qua cdc ndm 2011, 2013, 2016, 2019 va 2023. Hdi nghj d3 tré thanh mot sy kién
uy tin & Viét Nam cling nhu tai Chau A va qudc té vé chat lwong chuyén mon va quy mo té chire. S8 lugng
bai bdo cdo, khach tham du va gian hang trién 13m khdng ngirng tang qua nam ky hdi nghi (Bang 1). Gan
day nhat GEOTEC HANOI 2023 (GH2023) d3 duwoc té chirc tai Trung tam Hoi nghi Qudc gia vao ngay 14 va
15 thang 12 ndm 2023 (Hinh 1), vé&i sy tham du cda hon 1200 dai biéu dén tir 40 quéc gia thudc nam chau
luc trén thé gidi.

Bdng 1 S6 lwgng khdch tham du, quéc gia, bai bdo va gian hang trién Idm qua cdc ky HOi nghj

2011 2013 2016 2019 2023
Khach tham dv 450 500 600 815 1214
Qudc gia 24 27 31 37 40
Bai bao 110 112 145 186 204
Gian hang trién 13m 18 35 42 48 48

—
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Hinh 1 Phién khai mac tai H6i nghi GH2023

HG6i nghi GH2023 d3 vinh du dén nhan cac bai gidng chuyén siu trong linh vyc Dia ky thuat cda cac
chuyén gia hang dau trén thé gidi: GS. Alessandro Mandolini (Y), GS. Giulia Viggiani (Anh), GS. Rainer
Massarsch (Thuy Dién), GS. Antonio Gens (Tay Ban Nha), GS. Mitsu Okamura (Nhat Ban), GS. Richard
Jardine (Anh), GS. Marc Ballouz (M), GS. Keh-Jian Shou (Pai Loan) (Hinh 2). Hdi nghi lan th 5 nay d3 "pha
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ky luc" cdc ky GEOTEC HANOI trwdc véi hon 1200 ngudi tham du va 204 bai bai bdo dugc chap thuan xuét
ban trén tap chi Springer (https://doi.org/10.1007/978-981-99-9722-0).

Hinh 2. Ban t6 chirc va céc dién gia chinh tai Hoi nghi GH2023

Céc chh dé chinh cha hdi nghi GH2026

Cac chi dé thao luan tai GEOTEC HANOI dé |13 nhitng chi dé quan trong trong linh vyc dia ki thuat
cdng trinh, phuc vu cho sy phét trién ha tang. Tai GH2026, Hoi nghi sé 8 tiéu ban ky thuat v&i cac chia dé
sau day:

e TIEU BAN 1. MONG SAU,

e TIEU BAN 2. HAM VA CONG TRINH NGAM,

e TIEU BAN 3. GIA CO NEN DAT YEU,

e TIEU BAN 4. MO HINH SO VA QUAN TRAC DIA KY THUAT,

e TIEU BAN 5. TRUQT LO VA XOI MON,

e TIEU BAN 6. KY THUAT NEN MONG BO BIEN VA NANG LUONG GIO NGOAI KHOI
e TIEU BAN 7. 'NG DUNG TRI TUE NHAN TAO (Al) TRONG DIA KY THUAT VA

e TIEU BAN 8. DIA KY THUAT CHO BUONG SAT TOC PO CAO.

Théng tin vé cac bai viét va tai tro’ trién 1am

Tinh dén hét ngay 31/12/2025, BTC héi nghi nhan dugc hon 400 abstracts dén tir 40 quéc gia trén thé
gidi. Cho dén ngay 30/04/2026, BTC hdi nghi nhan dugc 320 full papers, bao gdm ca cac Bai giang chuyén
dé cua cac keynote speakers. Cac bai bdo dang duoc reviewed bdi cac chuyén gia trong hdi déng khoa
hoc. Céc bai bdo dwoc chdp nhan sé dwoc xuat ban trong series tuyén tap dién tlr “Lecture Notes in Civil
Engineering” cla nha xudt ban Springer (dwoc danh chi muc trong hé théng Scopus):
https://link.springer.com/series/15087.

Ngoai cac hoat dong chuyén mén, GH2026 ciing hira hen 1a mét sy kién hap dan véi cac hoat dong
trién 13m. B&n canh 60 booths vat ly, hdi nghi ndm nay s& cé thém céc gian hang trién 13m 3o cho cac don
vi quang ba cdng nghé, san pham va dich vu cia minh. Tinh dén thi diém hién tai, hon mot nlra s6 booths
d3 duwoc ding ky. Théng tin chi tiét vé trién 13m duoc cho & trang web cta hodi nghi:
https://geotechn.vn/exhibition-gh2026/
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CAC BAI GIANG CHUYEN SAU (KEYNOTE LECTURE) TAl GH2026

Cho dén nay 8 gido su da nhan |&i gidng bai chuyén siu tai 8 tiéu ban ki thuat cdia hdi nghi GH2026. Ching
toi xin gidi thiéu cac gido su cung tén cac bai giang keynote tai hdi nghi GH2026.

Bdng 1. Théng tin vé cdc bai giang chuyén sGu

CHU DE - TIEU BAN

DIEN GIA

TEN BAI GIANG

CHAN DUNG

1. DEEP FOUNDATIONS

Prof. Raffaele Di Laora.
Secretary of TC212 Deep
Foundations, University of
Campania, Italia.

Innovative methods for pile foundation
design

Stockholm, Sweden.

2. TUNNELLING AND Prof. Xiangsheng  Chen. | State-of-the-Art, Tunnel Engineering in
UNDERGROUND SPACES Shenzhen University, | Mainland China

China.
3. GROUND IMPROVEMENT Prof. Stefan Larsson. | The Nordic Dry Deep Mixing method for

Royal Institute of | infrastructure development

Technology (KTH), %

4. LANDSLIDE AND EROSION

Prof. Limin ZHANG. Hong
Kong University of Science
and Technology, Hong
Kong, China.

Al & Digital-twin Empowered Landslide
Risk Management

5. OFFSHORE WIND POWER
AND COASTAL
GEOTECHNICS

Prof. Byron Byrne. Oxford
University, U.K.

Design of Monopiles for Offshore Wind
Turbines

6. GEOTECHNICAL
MODELLING AND SMART
MONITORING

Prof. David M. Potts.
Imperial College, London,
U.K.

Simulating strain softening behaviour
and progressive failure in geotechnical
analysis

7. AlIN GEOTECHNICAL
ENGNG

Prof. Gang Zheng, Tianjin
University, P.R. China.

Al-Empowered Geotechnical
Engineering: Coping with Complexity and
Uncertainty

8. GEOTECHNICS FOR HIGH-
SPEED RAILWAYS

Ishikawa.
Hokkaido

Prof. Tatsuya
TC202 Chair,
University, Japan

Transportation Geotechnics toward
Sustainable and Resilient High-Speed
Railways
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Cac bai giang moi dac biét va bai giang moi (Special Invited lecture/Inited lecture) tai GH2026

Bén canh céc bai giang chuyén sau, tinh td&i thoi diém hién tai (31/05/2025), HOi nghi s& cé 01 Bai giang
moi dic biét va 02 bai giang moi véi thong tin tdm tat trong Bang 2 dwdi day. Hoi nghi du kién s& cé thém
01 bai gidng modi ddc biét dén cha tan chd tich Hi co hoc dat va Dia ki thuat cdng trinh thé gidi (ISSMGE).
Vi chd tich méi clia ISSMGE sé& duoc bau tai Hoi nghi ICSMGE [an thir 21, tai Vienna (Ao), vao thang 6/2026
nay.

Bdng 2. Théng tin vé cdc bai gidng mai va bai gidng moi ddc biét.

CHU DE - TIEU BAN DIEN GIA TEN BAI GIANG CHAN DUNG
TUNNELLING AND Prof. Anord Dix Bai gidng maoi dic biét:
UNDERGROUND SPACES

Immediate past president | What the Mountain Does Not Forgive:
of ITA-AITES, Australia. Disaster Risk, Communication Failure, and
the Human Conditions for Safe
Underground Construction in Vietnam'’s
Infrastructure Era

TUNNELLING AND Prof. Bai Yun Bai giang moi:
UNDERGROUND SPACES Tongji University, China. Learning from Tunneling Accidents
GEOTECHNICS FOR HIGH- Prof. Erol Tutumluer Bai giang mai:

SPEED RAILWAYS University of lllinois at | Advanced Sensing and Modeling of

Urbana-Champaign, USA. Ballasted Track Deformation Behavior

Chwong trinh workshop
Tai hdi nghi GH2026 ndm nay, nham nang cdo tinh hap dan cta hdi nghi, cling nhw dap ng nhu cau kién
thirc trong céc linh vue thoi sy, cac bai gidng chuyén dé (pre-conference workshop) s& dugc té chirc vao
ngay 25/11/2026. Chu dé cla bai gidng chuyén dé ndm nay |13 “Pia k{ thuat cho dwong sat toc do cao”
(Geotechnics for high-speed railways). Théng tin co ban cia Workshop dwoc cho trong Bang 3 dudi day.
Bdng 3. Théng tin vé Workshop vdi chi dé bija ki thudt cho dwdng sat téc dé cao

Phién NOI DUNG DIEN GIA

BUOI SANG Céc phuong phap dia ky | Dr. Cai Degou
thuat trong thiét k& va thi

25/11/2026 R . o .. | Railway Engineering Research Institue, China Academy of
cong dudng sattoc do cao & . . .
~ Railway Sciences, China
Trung Quoc.
BUOGI CHIEU Cac phuong phap dia ky | Dr. Yoshitsugu Momoya
25/11/2026 thuat trong thiét k& va thi

« N o im an ., | Railway Technical Research Institute, Japan
cong dudng sattoc do cao &

Nhat Ban.

CHAO MUNG CAC BAN THAM DU HOI NGHI GEOTEC HANOI 2026!
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GREENX Lab - Nén tang khoa hoc dija ki thuat cho tuong lai xanh

Pham Anh Tuan va cdc tac gia*
Royal Institute of Technology (KTH), Sweden, d6ng sdng IGp GREENX Lab. E-mail: atpham@kth.se

Tém tat

Trong béi canh Viét Nam chiu tac ddng ngay cang rd nét cla bién ddi khi hau —tir sat |& dat, x6i |6 bd séng
bo bién, 1l lut, xdm nhap mén dén sut IUn — nhu cau vé nhitng gidi phap dia k{ thuat bén virng, gan két
v3i muc tiéu Net-Zero va phat trién ha tang thich (rng khi hau trd nén cap thiét. Trén nén tdng do, GREENX
Lab, nhém nghién clru Dia ki thuat bén vitng va Ha tang thich &ng khi hadu (Geotechnics & Resilient
Engineering for Net-Zero and Nature Laboratory) dwoc thanh 1ap véi muc tiéu két ndi cac nha khoa hoc
trong va ngoai nwdc, doanh nghiép va dia phuong dé cung phat trién céc giai phap “dia k§ thuat xanh”
cho Viét Nam. Bai bdo gidi thiéu bdi cdnh hinh thanh GREENX Lab, tdm nhin —s&t ménh, bén tru cot nghién
ctru chién luoc, cac dy an nghién ctiru khéi déng (co vetiver, vat liéu bé tdng—thwc vat tdi ché, geobag bao
vé b séng) va 16 trinh phat trién 2025-2026. Qua d6, bai viét nhan manh vai trd cla GREENX Lab nhw
mot “cau néi” gitta khoa hoc — chinh sach — céng dong, huwdng téi déng gop thiét thue cho ha tang bén
virng va cong déng dia ky thuat Viét Nam

Abstract

Vietnam faces growing climate hazards requiring sustainable, resilient geotechnical solutions. GREENX
Lab was created as an interdisciplinary platform advancing Net-Zero and climate-adaptive infrastructure.
Its research integrates geotechnics, nature-based systems, circular materials, and digital technologies. Key
projects include vetiver slope stabilization, recycled concrete—vegetation materials, and geobag
protection systems. The Lab connects global expertise with local needs to deliver practical, low-carbon
solutions for a safer, more resilient Vietham.

Keywords: GREENX Lab, dia ky thuat bén virng, ha tang thich ing khi hau, Net-Zero, gidi phap dua vao
thién nhién, kinh té& tuan hoan.

Mé& dau - Tir thach thirc khi hdu dén nhu cidu mét “lab xanh”
Viét Nam s& hitu dudng bo bién dai, nhiéu day nui cao, dé doc 1&n va hai dong bang rong I&n, tao nén
mot khdng gian phat trién da dang nhung cling hét sitc mong manh truéc tac ddng cla bién déi khi hau.
Nhirng nam gan day, cac hién twvong mua I&n cyc doan, sat |&@ mai d6c, x4i |& b bién, xam nhap man va
syt IUn trén nén dat yéu xuat hién vdi tan suit ngay cang cao, gy tén that nang né cho ha tang va cong
déng (Hinh 1). Pay khdng con la nhirng thich thirc xa voi ma da trd thanh “bai toan thudng truc” déi vai
cac ky sw dia ky thuéat, cac nha quan ly va cac dia phuong trén ca nudec.
Trong bdi cdnh d9, vai tro cla dia ky thudt cdn dugc nhin nhan lai. Néu nhu trwdc day dia ky thuat
chu yéu tap trung vao nhiém vu ddm bdo an toan cong trinh, thi hién nay nganh cdn mé rong s& ménh:
e HO tro thich rng véi khi hau cyc doan,
e Gidm phat thai, hwdng dén Net-Zero trong vong doi cong trinh,
e Va biét cach “lam viéc cung thién nhién” thay vi chdng lai thién nhién, thong qua tham thyc vat, hé
sinh thai ven bg, vat liéu sinh hoc va cac giai phap dua vao thién nhién.
Chinh nhitng yéu cdu md&i nay dat ra nhu cau hinh thanh mét trung tdm nghién ctru lién nganh — noi
khoa hoc, cdng nghé va tu duy bén vitng duwoc két ndi dé tao ra cac gidi phap dia ki thuat thé hé mai. T
day, GREENX Lab ra doi nhw mot “phong thi nghiém mé”, quy tu cadc nha nghién cru vé dia ki thuat, méi
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trudng, vat liéu, kinh t& tudn hoan va quan ly rui ro khi hau, cing hudng téi muc tiéu chung: “Geotechnics
and Resilient Engineering for Net-Zero and Nature”— Kién tao kha nang chéng chiu dé kién tao mot tuwong
lai trung hoa carbon va bén vitng cho Viét Nam.

y-

LAB
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{ o Based on 7,050 votes from
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Hinh 1. Thdch thic bién déi khi hdu & VN Hinh 2. Béng lyc cia GREENX Lab

GREENX LAB: tdm nhin, si* ménh va gia tri cot 16i

Tén goi va bdn sdc

GREENX Lab — Geotechnics & Resilient Engineering for Net-Zero and Nature Laboratory 1a tén goi thé hién
tron ven tinh than cia nhdm: GREEN — huwéng dén phét trién xanh va trung hoa carbon; X — biéu tugng
cla giao thoa tri thirc lién nganh, cla d6i mdi sang tao, va cling 1a dau ndi gitra khoa hoc — thién nhién —
céng déng (Hinh 2).

GREENX Lab tap trung nghién clru va phat trién cac giai phap dia kj thuat, méi trudng va cong trinh
thich &ng khi hau, véi trong tdm 1a gin két ha tang véi thién nhién, gidm phat thai trong sudt vong doi
céng trinh va hudng dén cac hé théng Net-Zero, Nature-Based va Climate-Resilient. Day khong chi la mot
lwa chon khoa hoc mang tinh xu thé&, ma con 13 |&i dap lai trdch nhiém x3 hdi ma cac ky su thoi dai méi
phai dam nhan.

Slogan cGia nhédm, “Engineering Resilience for a Net-Zero Future”, thé hién rd khat vong dé: xay dung
kha ndng chdng chiu bang khoa hoc va ky thuat, dé tao dwng mot twong lai xanh va bén virtng hon cho
Viét Nam.

Tam nhin

GREENX Lab hudng tdi trd thanh mét nhdm nghién clru tién phong tai Viét Nam va khu vuc trong linh vue

dia k§ thuat bén virng va ha tang thich &ng khi hdu. TAm nhin cia nhém khong gidi han & viéc phat trién

tri thérc méi, ma con huwdng dén:

e Thay dé&i tv duy thiét ké ha tang, tir chéng choi v&i thién nhién sang hoa hop va tan dung sitc manh
tyw nhién.

e M ra cdc md hinh ha ting gan két thuc vat — dat — nudc — két cau, phu hop véi diéu kién khi hau dac
thu cha Viét Nam.

e Dinh hinh moét hé sinh thai tri thirc, noi cac y twdng nghién clru dwoc nudi dudng va lan toa tir phong
thi nghiém dén céng déng dia phuong.
DAy 13 mot tam nhin khdng chi mang tinh hoc thuat ma cdn mang tinh phat trién qudc gia, khi cac rui

ro khi hdu ngay cang dnh hudng truc ti€p dén an toan céng trinh, sinh ké va kinh té.
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St ménh

T tdm nhin d6, GREENX Lab xac dinh bdn s&* ménh trong tam, dai dién cho nhitng cam két dai han cla

nhom ddi vdi cdng ddng khoa hoc va x3 hoi:

e Thuc day nghién ctru dia ki thuat va nén mong nang lwong phuc vu phat trién ha tdng Net-Zero va
tdng cudng khad nang thich (rng khi hau. Diéu nay bao gbm tir nghién clru co ban (THM coupling, co
hoc dat khéng b3o hoa) dén gidi phap &ng dung (piled embankments, geobag, vt liéu xanh...).

e Long ghép nguyén tac bén virng va chdng chiu khi hau vao thiét k&, bién cac khai niém nhu giam phat
thai, vong doi vat liéu, téi tao tu nhién thanh tiéu chuan ki thuat cu thé chir khéng chi la khau hiéu.

e Thuc day hop tac lién nganh gilta hoc thuat — doanh nghiép — chinh quyén, gitp cac két qua nghién
ctru dugc trién khai ngoai hién trudng. Day |a cdch ma GREENX Lab ddm bao khoa hoc khéng chi nam
trén gidy, ma trd thanh gidi phdp thuc sy cai thién doi séng cong dong.

e K&t ndi tri thirc Viét Nam toan cau, xdy duwng mang ludi tir cdc phong thi nghiém quéc té dén dia
phuong trong nwédc, nham chuyén giao tri thirc va cdng nghé méi cho cac bai todn déc thu cha Viét
Nam nhu sat I& mién Trung, xdm nhap man DBSCL hay sut lGn db thi.

Cau tric nhém va hé sinh thai hop tac

Cudc hop khdi ddng ngay 14/11/2025 d3 danh dau budc hinh thanh chinh thirc cha GREENX Lab, véi 7

thanh vién sang 1ap dén tir Viét Nam, Thuy Dién, Hoa Ky va Dai Loan, cung ddi tac doanh nghiép d3u tién

- Céng ty C6 phan Tre Quang Nam. Sy kh&i dau mang tinh qudc té va lién nganh nay phan énh rat rd ban

sac clla GREENX Lab: mot mang luéi tri thirc mé, khdng bi gidi han bdi bién gidi dia ly hay khuén khé t6

chtre.

Ngay tir nhitng buwdc dau tién, GREENX Lab d3 duoc thiét k& nhu mot hé sinh thai hep tac, trong d6
mo&i nhém déi tac déng vai trd chién lwgc bd tro 1an nhau:

e Cac truong dai hoc trong nwdc (HUCE, MUCE, HCMUNRE, ...): Déng vai trdo nén tang vé thi nghiém,
dao tao sinh vién va phat trién nghién ctru &ng dung gan vdi diéu kién Viét Nam. Day cling 13 noi
chuyén héa tri thirc qudc té thanh cdng nghé kha thi & cap dia phuong.

e Cac truong va vién nghién clru nudc ngoai (KTH — Thuy Dién, UTRGV — Hoa Ky, NDHU — Dai Loan):
Cung cap phuong phap luan hién dai, céng cu md phong tién ti€n va mang ludi hgp tac khoa hoc quéc
té. Gilp nang tam nghién clru, ddm b3o GREENX Lab tiép can dugc vdi xu hwdng toan ciu vé Net-Zero
va ha tang chdng chiu khi hau.

e Doanh nghiép va dia phwong (Tre Quang Nam, S& KH&CN, chinh quyén tinh, don vi tu van — thi cong):
Pong hanh trong xdc dinh bai todn thyc té, dé xudt nhu cau cdng nghé va trién khai thi diém ngoai
hién trwong. Day la mot mat xich quan trong dé nghién ciru khong chi dirng & ly thuyét ma trd thanh
gidi phdp hitu ich cho cdng déng.

Cau truc “tam gidc lién minh” gitta hoc thuat — doanh nghiép — chinh quyén dia phuong, cung sy két
ndi cla cac déi tac qudc té, tao ra mot mé hinh ma nhiéu chwong trinh I&n trén thé gidi dang theo dudi,
duoc goi la “science—policy—industry—community nexus”. Day cling 13 tinh than cot 16i cha cac sang kién
toan cau nhu Horizon Europe va Mission Adaptation to Climate Change, trong dé khoa hoc phai gan véi
tac dong xa hoi va hd tro qua trinh ra quyét dinh cla cong doéng.

GREENX Lab vi vay khong chi la mdt nhdm nghién clru, ma dang hinh thanh nhu mot nén tdng déi mai
sang tao, noi tri thirc dwoc chia sé, nguén luc dwoc két ndi, va céc gidi phap bén virng dugc déng kién tao
cung céng dong dia phuong. DAy chinh |a khac biét I&n nhat va cling 1a diém manh chién lwoc cha GREENX
Lab trong hanh trinh phét trién dai han.

Cdc tru cét nghién ciru chién lwgc
Ngay tlr khi thanh |dp, GREENX Lab d3 dinh vi minh khong chi la mét nhém nghién clru don 1é ma la mét
nén tang khoa hoc lién nganh, noi cac y twdng mdi dugc nudi dudng va phat trién thanh cac giai phap
thuc té€ cho ha tang bén virng va thich ng khi hdu. D& ddm bao dinh huwdng dai han va tao ra tdc dong co
y nghia, nhdm da xac dinh bdn tru cét nghién ctru chién lwgc (A-D), két ndi gitra khoa hoc nén tdng — cong
nghé — irng dung céng dong.
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GREENX LAB: STRATEGIC RESEARCH PILLARS

TrucdtD
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AL AUTHORITIES

FOUR PILLARS - ONE UNIFIED STRATEGY: ENGINEERING A GREEN, SMART, AND RESILENT FUTURE FOR VIETNAM

Hinh 3. Cdu tric nhém sdng lap Hinh 4. Cdc tru cét chién lwoc cua nhém

Tru c6t A — Twong tdc Thdm thuc vét — Bat — Nudc — Coéng trinh
Tru cot nay khai thac strc manh cha thién nhién nhu mét phan cda giai phap dia ky thuat. Tham thuc vat
— d&c biét 1a cac loai cé hé ré phat trién nhu vetiver — cé kha ning thay d&i cau tric dat, cai thién tinh
tham, tang cudng dd bén va gidam xoi mon. GREENX Lab huwdng dén viéc md hinh hda dinh lwgng cac
twong tac Soil-Vegetation—Structure (SVS) théng qua cac thi nghiém da chi tiéu va mé phéng s8, nham:
e Hiéu sau co ché gia cudng dat bang dé cay (root reinforcement);
e XAy dwng md hinh mai déc “séng”, cé kha ndng ty phuc hoi;
o Thiét ké& giadi phap chéng xdi 1&, kiEm soat dong chay va cai thién vi khi hau.

DAy 13 huwdng nghién ctru mé ra tiém nang 1&n cho cac khu viee doi nui, ving ven séng va bd bién cla
Viét Nam.

Tru c6t B — Ha tédng chéng chju khi hdu (Climate-Resilient Infrastructure Systems)

Tru cot ndy tap trung vao cac van dé nhirc nhéi clia Viét Nam: sat |& mai déc duwdi mua Iédn, mat 6n dinh
nén dat yéu, sut lun vung ven bién, x4i |& b& va tadc ddng cha nhiét d6 cuc doan 1én dat va vat liéu.
GREENX Lab phét trién cdc mé hinh sau dé xay dung cac khuyén nghi thiét ké phu hop khi hau Viét Nam
trong bdi canh bién d6i khi hau ngay cang phirc tap:

e Co hoc dat khong bao hoa (unsaturated soils);

Tuong tac nhiét — thiy — co (THM);

Phan tich rdi ro va dé tin cay (reliability analysis);

M phdng lun tich Iy va tai trong dong;

Tru c6t C — Gidi phdp dwa vao thién nhién & Kinh té tuégn hoan
Giai phap dua vao thién nhién (Nature-based Solutions — NbS) va kinh té tuan hoan (Circular Economy —
CE) dang tr& thanh xu hudng trung tdm cla phat trién bén virng toan cdu. GREENX Lab tao ra cdc huwdng
nghién ciru mai:
e Vat liéu bé tdng—thyc vat tai ché
e Tuidia ky thuat (Geobag) sinh thai bao vé bo song
e VAt liéu nén xanh (Green Subbase) c6 ciu tric mao quan diéu khién
e Vat liéu hap thu carbon va cdi thién chat lvgng dat.

Tru cdt nay huwdng dén ciu hdi quan trong: Lam thé nao dé céng trinh dia ki thuat khéng chi an toan,
ma con déng gop vao tdi tao méi trudng va giam phat thai carbon? Két hop cung doanh nghiép dia phuong
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nhu Tre Quang Nam, tru cOt nay cé tiém nang tao ra cac sdn pham thuong mai hdéa thyc sy mang thuwong
hiéu GREENX.
Tru cét D — Tri tué nhén tao, di¥ liéu Ion va Digital Twin cho dia ky thudt bén vitng
Trong thoi dai s6, dir liéu tré thanh “vat liéu” mai cla khoa hoc. Tru cdt D phat trién cac cong nghé:
e Al/ML dé du bdo lun, trugt, x6i mon va tdi wu thiét ké
o Digital Twin cho méi d6c, nén mdng va cong trinh ven sdng
e MO0 hinh héa data-driven + physics-informed.
e Cac hé théng gidm sat — canh bdo sém (Early Warning Systems) cho sat & va cong trinh trong yéu.
Tru cot nay gitp GREENX Lab khdéng chi bat kip xu thé thé gidi, ma con tao ra nang luc canh tranh méi
cho dia k§ thuat Viét Nam trong ky nguyén sé.
Téng quan: Bén tru cét — Mét chién lwgc chung
B&n tru cdt ca GREENX Lab khéng hoat ddng tach r&i ma giao thoa manh mé, tao thanh mét chién luoc
phat trién théng nhat:
e Tru A b6 sung thién nhién cho cong trinh
e TruB dam bdo codng trinh 8n dinh trudc khi hau
e Tru Cgiam phat thai va tai tao moi truong
e Tru D nang cap cong trinh bang cong nghé sé.
Chinh su tich hop nay giip GREENX Lab dinh vi minh 13 m6t dau tau nghién cru lién nganh trong dia
ky thuat bén virng, va la hat nhan quan trong dé phat trién céc gidi phap xanh — thdng minh — c6 kha nang
chéng chiu cho Viét Nam.

Cac dv an nghién ctru tién phong

Dé hién thuc héa bdn tru cdt chién lwge, GREENX Lab trién khai ba du an tién phong, vira c6 nén tang
khoa hoc vitng chic, vira gan véi cac thach thirc déc thu cha Viét Nam. Cac du an nay thé hién rd dinh
huwéng lién nganh va cam két cla Lab d6i vdi cong dong.

Vetiver va hé Soil-Vegetation—Infrastructure

Dy an tap trung danh gid toan dién kha nang tang cudng 6n dinh mai déc cla co vetiver thdng qua céc thi
nghiém vé dic trung co hoc — thly vin — sinh hoc clia hé ré, x6i mon bé mat, anh hudng dén d6 4m dat
va cai thién ciu tric dat. Két qua duoc tich hgp vao md hinh co hoc dat khdng bao hoa va md phong sé,
huwdng tdi xay dung khung thiét k& dinh lvgng cho giai phap tham thyc vat tai cac khu vire ddi ndi va vung
dé sat 16.

Hinh 5. Mt s6 gidi phdp tw nhién bdo vé mdi déc st dung cé Vetiver

Vét liéu bé téng—thuc vat tdi ché va nén mdi déc xanh

Dy &n phat trién vat liéu nén xanh tir cot liéu tai ché két hop phu gia khodng va ciu tric mao quan diéu
khién, nham giam x6i mon, tang kha nang gilt &m cho tham thiyc vat va ho tro kiém soat dong chay tran.
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Thir nghiém duoc thiét ké theo huéng lién nganh: co hoc — thdm — twong tac ré — d6 bén mai trwong, két
hop mé phdng PLAXIS dé& dé xuat mé hinh mat dudrng — méi déc xanh phu hop dé thi va vung dat yéu.

Gidi phdp Geobag két hop mangrove/bamboo cho béo vé bo séng — bd bién

Dy an hudng dén xay dung co s& khoa hoc cho thiét ké — thi cong tui dia ky thuat (Geobag) két hop cay
ngap man hodc tre, mot giai phap linh hoat va than thién maoi truong cho cac khu vue x6i 1&. Nghién ciru
bao gdbm th{r nghiém thly luc — 6n dinh — bién dang, md phéng 3D tuong tac tui — nén — nudc - cay, va
danh gia kha ndng chju thoi tiét cda vat liéu vo tai. Muc tiéu dai han 13 phat trién hudng dan thiét ké phu
hop diéu kién Viét Nam, cé tinh kha thi cao cho céc dia phuong ven sdng va ven bién.

Hinh 6. Mdt s6 gidi phdp tw nhién bdo vé bo séng — bo bién: Trdi: sir dung bamboo, Phéi: Mangrove

Gid tri céng hudng

DU khdc nhau vé d6i twong, ba du an déu chia sé triét ly chung: két hop thién nhién — cdng nghé — céng
doéng, giam phat thai va hudng dén cac gidi phdp kha thi tai hién truedng. Cac két qua ban dau a nén tang
dé md rong thanh cac chuong trinh nghién cru I1&n hon, lién két vdi doanh nghiép, dia phuong va truong
quéc té.

Lo trinh phat trién va déng gép cong déng

GREENX Lab xay dung 16 trinh phat trién theo hudng ting trwdng bén virng, két hop gitta md rong nghién

ctru, két néi hop tac va tao tic dong thuc té. Lo trinh nay duoc chia thanh hai giai doan chinh, phu hop

v@i ngudn luc hién tai va dinh hudng 13u dai.

L6 trinh phdt trién 2025-2026

Giai doan 2025 — Xay nén tang

e Hoan thién co cdu nhdm, bd nhan dién va trang thong tin GREENX Lab.

Giai doan 2026 tré di— M& rong quy mé va lan tdéa

e Khé&idéng ba dy an tién phong va phat trién nhém thi nghiém lién nganh.

e Xay dung mang ludi hgp tac véi doanh nghiép va dia phwong; ndp 1-2 hé so tai trg nghién ctru cap
dia phwong hodc quéc té.

e Hoan thién cac két qua budc dau va céng bd tai hdi thdo, tap chi trong/ngoai nuwdc.

e T6 chirc chuyén dé “Dia ky thuat xanh va thich &ng khi hau” trong khuén khé hoat déng VSSMGE.

e Phat trién cdc mé hinh thir nghiém hién trudng (vetiver, geobag, nén xanh tai ché) tai dia phwong ¢
nguy co sat |& — x4i 18.

e M& rong mang ludi hop tac qudc té, dong huwdng dan nghién ctru sinh va xay dwng dé tai cap Bo/dia
phuong.
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Ddéng gop céng ddng

GREENX Lab d3t muc tiéu mang lai gid tri hitu hinh cho cdng déng dia phuong, co quan quan ly va nganh

dia k§ thuat Viét Nam:

e Cung cap tri thirc khoa hoc phuc vu danh gid rdi ro khi hau, én dinh cong trinh va lwa chon gidi phap
thich &ng.

e Chuyén giao cdng nghé xanh nhu vetiver, vat liéu téi ché, geobag, gilp gidm chi phi va ting tinh bén
virng cho ha tang dia phuong.

e HO tro dia phuong xay dwng cdc mo hinh thi diém, tir d6 tao ra cac dién hinh nhan réng trong khu vuc.

o D30 tao thé hé ky su tré cé tu duy Net-Zero, kj ndang md phong hién dai va khd ndng lam viéc lién
nganh.

e K&t ndi tri thirc Viét Nam toan ciu, gilp nang tdm nghién clru va m& rdng co héi hop tac cho cong
dong dia ky thuat trong nudc.

Vi 16 trinh rd rang va triét ly “khoa hoc vi cong déng”, GREENX Lab hudng tdi tré thanh mot diém tua tri

thirc cho céc dia phuong chiu rdi ro khi hdu cao va mét déng luc déi méi sang tao trong nganh dia ky

thuat Viét Nam.

Thao luan chién lvoc

Su hinh thanh GREENX Lab ddnh ddu mot budc chuyén quan trong trong céch tiép can clda nganh dia ky
thuat Viét Nam d6i v&i thach thirc khi hau. Thay vi tip trung thuin tdy vao 6n dinh céng trinh, GREENX
Lab hudng téi mot hé tu duy rong hon — noi thién nhién, cong trinh va con ngudi dwoc coi la mot hé
théng thdng nhat. Day la céch ti€p can phu hgp vdi cac khuynh hudng quéc té nhu Nature-based Solutions,
Climate Resilience va Net-Zero Infrastructure.

Mot diém ndi bat 1a GREENX Lab d3 chi déng xay dwng md hinh hop tac 4 chiéu: khoa hoc — chinh
sach — doanh nghiép — cong ddong. M6 hinh nay khdng chi gitp tdng tdc qua trinh chuyén giao tri thirc, ma
con ddm bao rang cac gidi phap dwa ra pht hop thuec tién, cé thé trién khai ngay tai dia phuong. Dieu nay
d&c biét quan trong trong bdi canh Viét Nam dang phai gidi quyét nhiéu van dé cap bach nhu sat I& mién
nui, xoi |& b& séng, sut 1Un ven bién hay thiéu vat liéu bén virng cho ha tang.

Vé mat khoa hoc, GREENX Lab tao ra mét khong gian dé két hop cong nghé s6 — vat liéu mdi — giai
phap tu nhién — mé phdng tién tién, giip nang cao ning luwc nghién ciru trong nwdc va thac day thé hé ky
su tré tiép can vdi cac phuong phdp hién dai. V& mat chién luvgc, GREENX Lab cé thé tré thanh dau méi
dan dat cho céc chuong trinh quéc gia vé ha tang xanh va thich (rng khi hau, ddng thoi déng vai trd quan
trong trong viéc két ndi Viét Nam véi mang lwdi nghién cliru qudc té.

Nhin téng thé, GREENX Lab khong chi la m&t nhdm nghién ciru ma 1a mét hudng di méi cho nganh dia ky
thuat Viét Nam, noi khoa hoc duwoc phéat trién cung trach nhiém xa hoi dé tao ra cac giai phdp cé tac déng
bén vitng.

Két ludn & khuyén nghij

Bai bdo d3 trinh bay cau trdc, tdm nhin — s& ménh, céc tru cot chién lwgc va nhitng dy dn nghién ctru tién

phong cia GREENX Lab. V@i dinh hudng rd rang va mé hinh hgp tdc m&, GREENX Lab cé tiém nang trd

thanh mot nén tang khoa hoc quan trong ho tro Viét Nam trong qua trinh chuyén déi sang ha tang bén

vitng va thich &ng khi hau.

TU céc phan tich trén, bai bdo xin dé xudt mét sé khuyén nghi:

e GREENX Lab can dugc xem nhu mét dau mai chién lwgce trong nghién clru lién nganh vé dia ki thuét
xanh, noi hdi tu cac chuyén gia trong va ngoai nudc.

e VSSMGE va cac hoi chuyén mén nén tiép tuc hd tro hoat ddng hoc thuat clla nhédm thong qua hoi thao
chuyén d@, chia sé dit liéu va gidi thiéu déi tac.

e Cdc dia phuwong chiu rai ro khi hau cao nén dwoc wu tién trong cac du an thi diém, gitp chuyén giao
tri thirc tir phong thi nghiém ra ngoai hién trudng.
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e Doanh nghiép va co quan quan ly can tham gia vao cac dy 4n dong thiét k&, nham dam bao céc nghién
clru phat trién thanh sdn pham va gidi phép thuc té.

e Thuc ddy cic chuong trinh tai tro dé mé rong nang lwc nghién clru cia GREENX Lab, bao gdm thi
nghiém hién trudng, mé phong s, vat liéu mai va hé thdng gidam sat — cdnh bao.

Véi su phdi hop cla cac doi tac trong nwdc va qudc t&, GREENX Lab ky vong s& déng gbp tich cuc cho

nganh dia k§ thuat Viét Nam, tao nén tang khoa hoc vitng chac dé xay dwng mot tuong lai an toan — xanh

— bén virng — thich (rng khi hau.

Loi cdm on
Nhém nghién cru tran trong cdm on Cong ty CP Tre Quang Nam da dong hanh va nhitng hd tro rat 16n

cho nhédm, dic biét 1a van phong nhédm va co sé& vat chat lién quan. Tru s& nhdm: 08 H6 Xuan Huong, P.
Tam Ky, TP. Da Nang

*Thong tin cong sy va thanh vién sang lap nhém

STT Ho tén & Chirc danh Pon vi cong tac Vai tro

1 | TS. Pham Anh Tuan KTH, Thuy Dién Co-Founder

2 | TS. Phan Tran Thanh Truc MUCE, Viét Nam Co-Founder

3 | TS. Nguyén Thi Thu Ha HUCE, Viét Nam Thanh vién chinh
4 | PGS.TS. Pham Thang UTRGV, Hoa Ky Thanh vién chinh
5 | TS. Nguyén Thi Xuan Quynh HCMUNRE, Viét Nam Thanh vién chinh
6 | TS. Lwong Thi Bich MUCE, Viét Nam Thanh vién chinh
7 | TS. Nguyén Thi My Xuyén NDHU, Pai Loan Thanh vién chinh
8 | Ong Nguyén Thanh Binh, Cha tich Cong ty CP Tre Quang Nam Doanh nghiép hop

HDBQT tac
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St dung ham thay thé cho bai todn phan tich nguwgc hé dao sau

Using surrogate model for back analysis in geotechnical engineering problems

H6 Manh Hung
Bentley Systems, Singapore. E-mail: hung.homanh@bentley.com

Phung DBurc Long
Héi Co Hoc Pét va Bia Ky Thudt Céng Trinh Viét Nam. E-mail: long.phung@gmail.com

Gidi thiéu

Trong cac du an dao hé sau, phan tich nguoc (back analysis) la phuong phdp quan trong gitp xac dinh
tham sé dat dua trén dit liéu do dac thyc té, tir d6 du bdo bién dang cong trinh. Tuy nhién, viéc két hop
tryc ti€p véi mo hinh phan tir hitu han (FEM) doi hdi nhiéu [an tinh todn I3p lai, dan dé&n thoi gian tinh
toan Ién, khé dap &ng yéu cau dy bao thai gian thuce trong thi cong.

M®& hinh thay thé (surrogate model), dién hinh nhw mang no-ron lan truyén nguoc (back propagation
neural network, BPNN), déng vai trod thay thé cho mé hinh FEM phtrc tap bang cach hoc méi quan hé gitta
tham s6 dau vao va két qua dau ra tir cdc mau tinh todn ban dau.

Loi ich n&i bat cta viéc sir dung surrogate model 1a giam dang ké chi phi tinh toan (c6 thé I1én dén hon
95%), cho phép thuc hién t8i wu hda da muc tiéu nhanh chéng va hd trg dy bdo truc tuyén (online
prediction) trong sudt qua trinh thi cong. Nh& d6, k§ su c6 thé cap nhat tham s6 dat kip thoi, nang cao do
chinh xac dy béo bién dang coc chdng (thudng dat trén 90%) va tang cudng an toan cho cdng trinh (Zhao
et al., 2024).

Phuong phap nay dac biét hiéu qua khi két hop vdi thuat todn t6i wu héa da muc tiéu nhu MOPSO,
giup tan dung chudi dit lieu theo d&i theo thoi gian. Sau day sé gidi thiéu vé phuong phap nay do cac tac
gia dé xuat clia Zhao et al., 2024.

Phuwong phap luan

Phuong phdp dé xuat st dung dit lieu do dac theo chudi thoi gian (time-series monitoring data) dé xay
dung ham muc tiéu da muc tiéu, két hgp mé hinh thay thé (Surrogate Model - BPNN) va thuat todn tdi vu
héa MOPSO nhdm dy bao bién dang coc chdng trong qua trinh dao hé sau thoi gian thuc. C6 bén mire do
nhu sau:

Level 1: Xay dwng mé hinh thay thé (Surrogate Modeling)

1. L4y mau tham s& (Parameters Sampling) S dung phuong phap Latin Hypercube Sampling (LHS) dé
tao ra bd tham sd ngau nhién.

2. Chay mo hinh FEM Thyec hién phan tich phan tl hitu han véi cac bd tham sé mau dé thu duoc két qua
(bién dang ngang twdng).

3. Huan luyén md hinh BPNN S dung mang no-ron lan truyén ngugc (Back Propagation Neural Network)
v@i tham s6 dau vao va két qud FEM lam dau ra. Khi d6 chinh xac > 90%, BPNN thay thé hoan toan cho
FEM.

Level 2: Danh gia sai sé (Error Evaluation)

e Sl dung hé s xac dinh R? dé do d6 phu hop gilra két qua md hinh va dit liéu do thuc té.
 Sai s6 tai mdi giai doan dao: Z; =1 - R}
e Xay dung ham muc tiéu da muc tiéu: Min [Z,, Z,, ..., Z,] (v&i n |3 giai doan dao hién tai).
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Level 3: Phan tich ngwoc (Back Analysis)

1. Tao b6 tham s6 bang phuong phap LHS.

2. Pua tham s& vao m6 hinh BPNN d3 huan luyén dé tinh bién dang. Tinh gia tri ham muc tiéu da muc
tiéu (cac z;).

3. S{r dung thuat todan MOPSO (Multi-Objective Particle Swarm Optimization) dé tim bé tham sé téi wu.

4. L3p lai cho dén khi dat tiéu chi dirng hodc sé lan 13p t6i da.

Level 4: Dy bao (Prediction)

1. S& dung dit liéu do tir cac giai doan truwdc dé tdi wu tham sé.

2. Chon bd tham s8 cé tong sai s6 tich ITiy nhd nhat.

3. S dung bd tham s6 t6i wu + mé hinh BPNN dé dy bdo bién dang & céc giai doan dao tiép theo.
4. Cap nhat lién tuc khi cé dir liéu do mai.

Case study: H6 dao sau Taihu

Quy mé céng trinh: chiéu sdu hé dao 16 m, chiéu rdong 43.6 m. Su dung coc khoan nh6éi D1000, dai 27 m
dé lam tudng chan va bao gdbm 4 hé théng chdng. Dia chat gdbm 5 |&p dat, chl yéu la sét. Do dac chuyén
vi ngang cua tuong dugc sir dung cho bai toan phan tich ngwgc sau nay.

unit: m

Water Level=2 = Concrete Support B
SVl not to scale

Water Level=0 — Steel Support ,
- A Width=43.6 12

Cut-off
wall

36.34

__Castein- 9 N\
place-pile

B e e ————— )
130

Hinh 1. M6 hinh FEM cho hé dao sdu (Zhao et al., 2024)

Xay dwng Surrogate model

Buwdrc 1: Ldy mdu tham s6 (Parameters Sampling)

e Sir dung Latin Hypercube Sampling (LHS).

e Tao 200 bd tham s& ngau nhién.

e Cactham sé bao gdbm: Tham sé dat (Eso"™', ¢, ') cho 5 1op dat.
Pham vi tham s6 duoc thé hién & bang 1 dudi day:

Bdng 1. Pham vi tham sé

Adopted range Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

Erf (kNjm?) 3000 1000 3000 3000 3000
—20,000 -10,000 —25000 —40,000 —30,000
¢ (kN/m?)  10-50 3-30 10—80 10-100  20-100
@ (%) 3-30 0.5-15 1-30 3-35 3-35
Econcrete (KNf 3 x 107=5 x 107
1'112}

Egeel (KN/m?) 2 x 108-3 x 10®
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Buoc 2: Chay mé hinh FEM

e Xay dwng mo hinh PLAXIS 2D (Hinh 1).

e Sr dung md hinh Hardening Soil Small (HSS) cho d4t.

e Thuyc hién phan tich theo 11 giai doan dao.

e K&t qua (output): Chuyén vi ngang cta tuwdng tai 37 diém do cho tirng giai doan.

Buwdrc 3: Huén luyén mé hinh BPNN (Surrogate Model)
e Sl dung phuong phap Neural network:
v Input layer: 18 neurons (cac tham sd).
v' 2 Hidden layers: 72 neurons mdi layer (Activation: ReLU).
v Output layer: 37 neurons (chuyén vi ngang tai 37 diém).
e Tylé:70% train / 30% test.
e Sau khi huan luyén xong, BPNN hoan toan thay thé FEM (t6¢c dd nhanh hon nhiéu lan).

Thuc hién Back Analysis & Dy bdo

Budc 1: Bdnh gid sai sé

e Tinh R? giita két qua BPNN va dit liéu do thuc té tai tirng giai doan.

e Tinhsaiso: Zj=1-R? (j = giai doan dao).

e XAy duwng ham muc tiéu da muc tiéu: Minimize [Zs, Zio, Z12, Z13, Z16] (tUy s6 giai doan s dung).

Bwdrc 2: T6i wu héa tham sé bang MOPSO

e Tao bd dit liéu tinh todn ban dau bang LHS.

e S dung Multi-Objective Particle Swarm Optimization (MOPSO) dé tim bd tham s& t8i wu.
e L3p lai d&n khi dat s6 thé hé t8i da hodc tiéu chi dirng.

Buwdc 3: Chon bd tham sé tét nhat
e Chon bd tham s8 c téng sai s6 tich Ity (3Z;) nhé nhat.

Buoc 4: Dy bdo (Prediction)

e Sirdung bd tham sé t6i wu + BPNN dé du bdo chuyén vi & giai doan dao tiép theo.

e Cap nhatlién tuc khi cé dit liéu do mai tir cong trwong.

K&t qua tinh todn nguoc cla 4 giai doan dao va du béo giai doan ti€p theo thé hién & Hinh 2.
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Hinh 2. Két qua tir tinh todn nguoc dua vao 4 giai doan dao va du bao giai doan ddo tiép theo
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Két luan

Phuong phap phan tich nguoc cai tién két hop tdi wu héa da muc tiéu (MOPSO) va mé hinh thay thé
BPNN d3 duwoc dé xuat va dp dung thanh céng cho dy dn dao hd sdu Taihu, cho phép du bédo thoi gian
thuwe chuyén vi ngang cla coc chéng vai do chinh xac trén 90%.

Viéc s dung surrogate model gilp giam dang ké chi phi tinh toan (hon 95%) so va&i phuong phap
truyén thong, dong thoi tan dung hiéu qua chudi dit liéu giam sat theo thoi gian dé nang cao do tin cay
cua dy bao.

Tai liéu tham khao

Zhao, Chenyang, et al. “A Modified Back Analysis Method for Deep Excavation with Multi-Objective
Optimization Procedure.” Journal of Rock Mechanics and Geotechnical Engineering, vol. 16, no. 4,
Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, 2024, pp. 1373-87,
doi:10.1016/j.jrmge.2023.05.007.
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Ung dung xi mang vi sinh trong x& Iy nén cdng trinh giao thong

Application of microbially induced calcium carbonate precipitation (MICP) for soil
improvement under transportation infrastructure

Nguyén Hitu LAm
Dai hoc céng nghé Sydney (UTS). E-mail: Huulam.nguyen@student.uts.edu.au

Nguyén Trung Thanh
Dai hoc céng nghé Sydney (UTS). E-mail: Thanh.Nguyen-4@uts.edu.au

Tém Tat

Viét Nam dang day manh phat trién hé théng ha tang giao thdng quéc gia trong bdi canh bién déi khi hau
va xuéng cap clia mdi trudng ngay mot nghiém trong, nhu cdu x{ ly va gia ¢d nén dudng theo huwdng bén
vitng - than thién véi méi trudng ngay cang trd nén cap thiét. Bai bao tong hop va phan tich tiém ning
&rng dung céng nghé xi mang vi sinh trong gia cd nén dwong giao théng. Cong nghé nay dwa trén qua trinh
két tla calcium carbonate do vi sinh vat gay ra, gitp lién két cac hat dat, |1ap day 16 rong, ting cudng do
chiu lyc va cai thién dé 6n dinh nén dat. So vdi cac phwong phdp truyén thdng, xi mang vi sinh dugc xem
|a giai phap than thién méi truvdng, phu hop vai dinh hwdng phat trién ha tang giao thdng hién dai, bén
virng va giam phat thai tai Viét Nam.

Abstract

In recent years, Vietnam has accelerated the development of its national transport infrastructure system.
Meanwhile, facing critical challenges from climate change and environmental degradation, the demand
for sustainable and eco-friendly ground improvement has become increasingly urgent. This paper reviews
and analyzes the potential application of biocementation technology in infrastructure improvement. This
technology is based on microbially induced calcium carbonate precipitation, which helps bind soil particles,
fill pore spaces, thus increase strength and improve soil stability. Compared with conventional ground
improvement methods, bio-cementation is considered as an environmentally friendly solution that aligns
with Vietnam’s orientation toward modern, sustainable, and low-emission transport infrastructure
development.

Keywords: xi mdng vi sinh, MICP, gia cd nén dudng, ha tang giao thong, phat trién bén virng

M& dau
Trong nhirng ndm gan day, Viét Nam dang ghi dau nhiéu budc tién quan trong trong phat trién hé théng
k&t cdu ha tang giao thong qudc gia. D&n hét ndm 2025, ca nwdc du kién hoan thanh khoang 3.803 km
dudng cao tdc, ti€n tdi muc tiéu 5.000 km trong giai doan tiép theo (Ha, 2026). Cung véi d6, nhiéu du én
ha tang quy mé 1&n dang va s& duoc trién khai nhw Cang hang khéng qudc t& Long Thanh, san bay Gia
Binh, tuyén dudng sat Ha Noi — Lao Cai, cac tuyén dudng sat do thi, dudng sat toc dd cao Bac—Nam, cang
bién Lach Huyeén, Lién Chiéu, Cai Mép — Thj Vai... Sy phat trién manh mé& nay khang dinh vai tro cla cong
trinh giao théng nhw hé théng huyét mach va xwong séng cda nén kinh té qudc dan. Tuy nhién, qua trinh
m& rong mang lwdi giao théng cling dat ra nhiéu yéu cau cap thiét d6i véi khoa hoc ky thuat xay dung,
dac biét trong linh vure x{r ly va gia cé nén duwong.

Céc cong trinh giao thdng nhu duwdng bd, dudng sat, dwdng cao tdc hay dudng bang san bay déu co
dac diém chung 1a thudng xuyén chiu tac dung cua tai trong |3p do phuong tién van tai gay ra. Tai trong
nay duoc truyén tir két cdu mat dudng, qua Idp méng, nén duwdng va cudi cung phan bé xuéng nén dat
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tuw nhién. Do d6, nén dudng gilt vai trd ddc biét quan trong trong viéc tao hinh tuyén, bdo ddm do déc
doc, déc ngang, chiu va phan bd tai trong, duy tri 6n dinh téng thé cta cdng trinh, han ché céc hién twong
truwot, 1Un, sat |8, phut bun, déng thdi gdp phan bdo dam kha nang thoat nuéc va tudi tho khai thac cla
k&t cau giao thdng. Mot nén dudong khong duoc xt ly phi hop cé thé dan dén huw hong sém, lam gia ting
chi phi bao tri, stra chita va anh huwédng tryc ti€p dén an toan van hanh.

DE cai thién cudng dd va d6 6n dinh cha nén dudng, nhiéu giadi phap ky thuat truyén théng d3 duogc
ap dung rong rai, bao gdbm dam nén co hoc, gia cd bang chat két dinh nhu véi, xi mang, tro bay, gia c6
bang coc dat xi mang, coc cat, coc da, st dung vai dia k{ thuat, lwdi dia k§ thuat, bac tham, giéng cat va
cac giai phap thoat nudc nén dat yéu. Cac phuong phap nay d3 mang lai hiéu qua nhat dinh trong nhiéu
diéu kién céng trinh khac nhau. Tuy nhién, ching ciing ton tai mot s& han ché dédng ké nhw quy trinh thi
cdng phirc tap, yéu cau khéi lwong vat liéu I&n, tiéu hao nhiéu nang lvong va phat sinh lvgng phat thai
dang ké. Dic biét, viéc sir dung xi mang Portland truyén théng trong gia c6 dat cé lién quan dén phat thai
khi nha kinh, trong khi khai thac qua muirc cat, da va cac vat liéu tu nhién cé thé gay suy thodi méi trvong,
mat can bang dia mao, gia tang x4i 1& va [am tram trong thém céc rdi ro thién tai.

Trong bdi canh Viét Nam dang thic day phat trién ha tang giao thong theo hudng hién dai, bén virng
va giam phat thai, viéc nghién clru cac vat liéu va cong nghé gia c6 nén dat than thién vdi moi truong tré
nén hét strc can thiét. Xi mang vi sinh, hay céng nghé gia c6 sinh hoc dua trén qud trinh khodng héa do vi
sinh vat, dwoc xem 13 mot hudng ti€p can mdi cé nhiéu tiém nang thay thé hodc bd tro cho cic phuong
phdp x& ly nén truyén théng. Co ché chd yéu cla xi mang vi sinh 1a st dung vi khuan cé kha nang tiét
enzyme urease dé phan hly uré, tao ra ion carbonate, sau d6 két hop vdi ion calcium trong moi trudng
dé hinh thanh két tda calcium carbonate. Céc tinh thé CaCOs sinh ra cé kha ndng 1ap day 16 rong, lién két
cdc hat dat roi rac, lam ting cudng d6, giam tinh tham va cai thién do 6n dinh cta nén dat.

Cong nghé xi mang vi sinh bat dau duoc quan tam tir nhitng ndm 1970 va dén nay d3 cé nhiéu co ché
khodng hda sinh hoc dugc phat hién. Trong d6, qua trinh két tla calcium carbonate do vi sinh vat cam
ing, thwong dugce goi la MICP, dugc danh gia la mot trong nhitng phwong phap cé hiéu qua cao va than
thién véi méi trwong trong cai thién tinh chat co ly cia dat. Cac nghién cru hién nay tap trung vao viéc
nang cao hiéu qua cda MICP théng qua viéc khao sat anh hudng cua loai vi khuan, mat do té bao, ndng
dd dung dich calcium, uré, pH, nhiét d6, phuong phap dwa dung dich vao mau, ciing nhu dic diém cua
céc loai dat khac nhau nhu dat cat, dat sét, sbi, dd phong hda va cac trang thai d6 4m tir kho, am dén bao
hoa. (Fu et al., 2023)

Trén co s& do, bai bao nay tap trung gidi thiéu cac &rng dung clia cong nghé xi mang vi sinh trong xt ly
nén dudng, tdng hop nhirng thanh twu nghién ciru gan day trén thé gidi va phan tich tiém nang ap dung
cong nghé nay trong diéu kién thuc tién tai Viet Nam. K&t qua nghién ciru ky vong gép phan cung cap co
s&@ khoa hoc cho viéc phat trién cac gidi phap gia c6 nén dat bén virng, than thién moi trudng va phlu hop
V@i yéu cau xay dwng ha tang giao théng hién dai cha dat nudec.

Co s& ly thuyét

Co ché xi médng hda cta xi mdng vi sinh

V& ban chat, MICP str dung hoat ddng sinh héa cla vi khudn dé tao ra céc tinh thé khodng (CaCOs) c6 kha
nang lién két cac hat dat, tir dé cai thién ciu trdc va tinh chat co ly cta dat. Trong cac nghién ciru hién
nay, chdng vi khuan duoc sir dung phd bién |a Sporosarcina pasteurii, mot loai vi khuan cé kha nang tiét
enzyme urease vdi hoat tinh cao. Khi két hop v&i dung dich héa hoc gém urea va calcium chloride (CaCl,),
vi khuan nay xuc tic cdc phan rng sinh hda va hda hoc tao thanh két tha calcium carbonate (CaCOs) trong
moi trwong dat (Dejong et al., 2013). Cac phan (ng xay ra:

Phan (rng thay phan Ure:  CO(NH,), +H,0—>CO; +2NH, (1)
Phan (rng tao két tua Ca>" +COZ ® CaCo, (2)

104



a Ban Tin Hoi « VSSMGE Bulletin

Carbonate

(a) (b)

(c) (d)
Hinh 1: Cdc vj tri két tda hinh thanh trong mdu dét: (a) xung quanh diém tiép xuc giita 2 hat dat; (b)
két néi 2 hat dét; (c) trén bé mdt hat dat; (d) trong 16 réng (Zhang & Dieudonné, 2023)

C4c tinh thé CaCOs dugc hinh thanh trong mau dat tai nhiéu vi tri khac nhau, bao gdm: trén bé méit hat
dat, tai vung ti€p xuc gitra hai hat dat va bén trong cac 16 rong ctia dat. Khi két tha trén bé mat hat, CaCOs
lam tdng d6 nham, sy ma sat gilra cdc hat dat. Khi hinh thanh tai vj tri ti€p xtc gilra cac hat, cac tinh thé
nay déng vai trdo nhu cau lién két, tao sw gan két gilta cac hat roi rac va 1am ting kha ndng chiu lyc cla
khung hat. Trong khi d6, khi két tha phat trién trong hé théng 16 rdng, cac tinh thé CaCOs gitp lam gidm
d6 rong va han ché kha ning dong nudc tham qua mau dat.

\

= Bom dung dich
RN héa chat

Bom dung
dich vi khuan

Hinh 2: Quy trinh xt ly xi méng héa

Cé hai phuwong phéap xr ly MICP phd bién gdbm phuwong phap mdt giai doan (one-phase) va phuong
phap hai giai doan (two-phase). Déi v&i phwong phap 2 tién trinh, cdc dung dich vi khuan duwoc d6 vao
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mau trudc, tr mat trén tham thau qua mau roi thoat xudng day, hodc bom &p luc tir day, qua than mau
roi thoat 1én bé mdt mau. Muc tiéu dé toan bd mau duoc ti€p xuic vai vi khuan. Sau dé lam twong ty voi
dung dich hda hoc, chu ky bom vi khuan-dung dich héa hoc duoc I3p lai nhiéu 1an (khodng 12-16 chu ky),
lwong két tha tdng dan trong mau. Phuong phap nay cé wu diém nham tao két ta phan bd déu hon,
tranh két tda hinh thanh sém & vi tri bom, trén mat hodc day, gay tac nghén, tuy nhién khi lwvgng két tua
tang dan viéc bom dung dich cang kho khan, can 4p sudt bom |&n hon. Phuwong phap 1 tién trinh trén
dung dich vi khuan va dung dich héa hoc thanh mét dung dich duy nhat véi dé pH thap va dé vao miu
dat. Dac trung cla phuong phap nay 1a & pH thap sé lam tré qua trinh thay phan ure cta vi khuan, gitp
giam tic nghén (Yu & Yang, 2023).

Ngoai ra dé giam phu thudc vao vi khuan, ngudi ta dé xuat sir dung enzym truc tiép, enzym nay cé thé
tong hop tir thue vat (EICP) hodc tir vi khuan (BEICP). Uu diém cla sir dung enzym truc tiép la cé thé ap
dung v&i dat cé kich thudc hat nho nhu sét, bui khi kich thwdc cla vi khuan cé thé lam tic nghén qua
trinh bom vao mau (Hoang et al.. 2019).

Cdc yéu t6 dnh huéng dén qud trinh xi mdng hda

Néng dé vi khudn quyét dinh lwgng enzyme urease tham gia vao qua trinh thay phan uré va hinh thanh
CaCOs. Khi néng dd vi khuan tang, téc d6 phan (rng va lugng két tla cd thé ting; tuy nhién, néng dd qua
cao dé gay tich tu, k&t cum vi khuan va lam tac ngh&n 16 réng dat, dan d&n phan b6 CaCO; khdng déng
déu.

Nong dé dung dich héa chat, déc biét |a uré va nguén calcium, cling anh hudng truc tiép dén luvgng két
tda. Nong do thap tao ra it CaCOs va can nhiéu chu ky x& ly, trong khi néng dé qua cao c6 thé rc ché hoat
ddng cla vi khuan, gay két tda cuc bo trong 16 rdng va lam gidm hiéu qua lién két gitra cac hat dat. Vi vay,
can xac dinh néng d6 t6i wu thay vi lwa chon néng dé cang cao cang tot.

Dac diém kich c& va phan bé hat dat chi phdi kha nang di chuyén cla vi khudn va dung dich trong moi
trwong rong. Dat hat min ¢é 16 rong nho dé gay loc gitt vi khuan, trong khi vat liéu qué thé cé it diém tiép
xuc gilra cac hat nén can nhiéu CaCOs hon dé tao lién két. Dat c6 cap phdi phu hop thudng cho hiéu qua
MICP t6t hon do vira bao dam kha nang tham, vira c6 dd diém ti€p xtc dé hinh thanh lién két xi mang.

Kich thudc mau thi nghiém anh huwédng dén mirc d6 dong déu cia két tha theo khdng gian. Cac mau
nhd trong phong thi nghiém thudng dé dat phan bd CaCOs twong doi dong déu, trong khi mau Ién hodc
thi nghiém hién trwong dé xuat hién hién tugng phan bd khong déu, dic biét theo chiéu sau.

Phuong phap bom dung dich quyét dinh sy phan bd cta vi khuan va hda chat trong dat. Téc dé bom,
ap lyc bom, hudng dong chay, s6 chu ky xt ly va trinh tw bom can dugc lya chon pht hop nham han ché
tac nghén, tranh két tla cuc bd va nang cao tinh dong nhat clia qua trinh xi mdng héa sinh hoc.

Ngoai ra, cac yéu t6 mdi trwdng c6 dnh hudng |dn dén qua trinh MICP, tir hoat tinh vi khuidn dén ham
lwgng va tinh chat cta tinh thé CaCOs. Trong d6, nhiét d6, pH va ham luvgng oxy la cac yéu t6 chinh: nhiét
dd phu hop cé thé tdng hoat tinh urease va két ta CaCOs, pH kiém thuc ddy hinh thanh ion carbonate,
diéu kién oxy dnh hudng dén kha ndng séng va hoat dong cuda vi khuan.

Cac irng dung ctia xi mang vi sinh cho nén céng trinh giao thong

Gia ¢6 nén dwong

Gia c6 nén dudng |a mot trong nhitng hwdng &ng dung truc ti€p nhat cla cdng nghé xi mang vi sinh trong
Iinh vyc giao théng. Cac tinh thé CaCOs sinh ra trong 16 rong dat c6 thé bam Ién bé méit hat, 1ap mot phan
16 réng va quan trong hon 13 tao lién két tai cac diém ti€p xuc hat-hat. Nho d6, dat nén dwoc cai thién vé
cudng do, dd cirng, khd nang chiu tai va kha nang chéng bién dang dudi tai trong xe.

DGi v&i nén duwong, wu diém quan trong cla MICP 13 kha ndng x{r ly dat tai chd, han ché dao bé va thay
thé& dat yéu. Diéu nay cé y nghia 1&n vi trong nhidu dy an dudng bd, viéc thay dat hodc gia c6 bang xi
mang/véi thuwdng lam tdng chi phi, tiéu hao nang lwgng va phat thai CO,. V& mat co hoc, su gia tdng cudng
dd sau x{r ly MICP khong chi dén tir viéc 18p rdng ma con tir su hinh thanh lién két xi méng sinh hoc gitta
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cac hat dat. Cac két qua vi ciu tric cho thay CaCO; thudng tap trung tai diém tiép xuc hat, lam tang luc
dinh biéu kién va kha ndng chéng cat. B6i véi nén dudng, diéu nay dic biét quan trong vi dat nén phai
chiu tai trong 13p lai tlr phuong tién giao théng. Néu lién két gilra cac hat dat dwoc tdng cwdng, nén dudng
c6 thé gidm bién dang tich Ily, han ché& Iin vét banh xe va kéo dai tudi tho két cau do duwong.

Mot két qua tiéu biéu vé gia c6 nén duwdng |a nghién ctru cha Hu et al. (2022) trén dat nén duwong dang
clayed sand. Nghién clru nay dé xudt phuong phéap pretreatment—mixing MICP, tirc 1a két hop tién x(r ly
v&i MICP tron nham ting hiéu qua khodng hoa trong dat. K&t qua cho thady mau dat sau xr ly dat cuong
dd nén khdng nd hdng trung binh khodng 15,92 MPa, cao hon 198% so véi dat nguyén dang va cao hon
78% so v&i phuong phdp MICP tron théng thudng . Day la két qua dang chd y vi nén dudng thuwong khong
chi gdbm cét sach ma cé thé chira thanh phan hat min, bt hodc sét. Viéc MICP van cé thé cai thién dang
ké cwdng do cha dat pha sét cho thay tiem ndng ma& réng rng dung cla cdng nghé nay trong cac I&p nén,
moéng dudi va nén dudong hién hiru (Hu et al., 2022).

Tuy vay, phan b8 CaCO; khdng dong déu van 1a han ché I6n, nhat |a khi dung dich MICP di chuyén theo
trong luwc hodc theo cdc dudng tham wu tién. Do d6, khi dp dung cho nén dudng thuc té€, can nghién clru
ki phuong phap thi cong nhu tron tai chd, phun bé mit, bom ap lwc thap hodc bom nhiéu giai doan.

Kiém sodt x6i mon mdi taluy

Mai taluy duwong bd thuwong chiu tac dong clia nuwdc mua, dong chay mat, dao dong muc nwdce va qua
trinh phong héa. V&i dat cat hodc dat hat rdi, nwdc cé thé lam tach roi lién két hat dat, tang ap luc nudce
16 réng, tao rinh xa4i, Iam gidm 6n dinh mai va cudi cung gay sat trugt cuc bd hodc pha hoai mai déc. MICP
c6 thé duoc sir dung nhu mot gidi phap gia cd bé mat nho tao ra mot I&p bé mat mai d6c giau CaCOs. Lép
nay co lién két cao, kha nang chéng tham t6t, lam gidm kha ndng tach hat do giot mua, dong chay mat.

Trong b8i canh dé, MICP dwoc xem 13 gidi phap tiém nang cho 6n dinh méi déc. Wang et al. (2021) tién
hanh thi nghiém véi nén dap cong trinh giao théng cho thay hiéu qua rd rét ciia MICP d6i véi kiém soat
x6i mon. Cac mau nén dap dwoc xir ly véi 0, 1, 2 va 3 chu ky MICP. M&i chu ky gdm bom 2000 mL dung
dich vi khudn va 2000 mL dung dich xi mdng héa néng d6 1,0 mol/L, sau d6 dé phan (rng 18 gid; mau duoc
dudng hoé khoang 30 ngay & nhiét d6 phong trudc khi thi nghiém x6i . Trong thi nghiém mua/xdéi, cwong
dd nudc nho giot dugc dat & mirc 70 mm/h trong 2 gi®, va lwgng cat bi tach ra khdi mai dugc thu gom
dé tinh tong khéi lwvong x6i (Wang et al., 2021).

K&t qua thi nghiém cho thay x{r Iy MICP d3 cai thién rd rét kha ndng chéng xdi clia nén dap cat so voi
mau khong x{ Iy. @ mAu d6i chirng nén dip tu nhién, hién tuwong x6i xay ra manh, cat bj cudn troi nhiéu
va xuat hién dang pha hoai sau trong nén dap. Nguoc lai, cdc mau dugce xt ly MICP chi bi xéi chd yéu &
|&p ndng gan bé mat, khong xuat hién pha hoai téng thé nhu mau khéng xt ly. Biéu nay chirng té MICP
khong chi lam gidam lugng vat liéu bi cudn tréi ma con lam thay d6i co ché pha hoai cdia mai dé tir pha
hoai sdu sang xdi bé mat.

(b) (c) (d)
Hinh 4: Thi nghiém nén ddp dudng ven bién chju xdi 16:(a) So d6 bé tri thi nghiém; (b) Nén ddp tw
nhién; (c) Nén dép da xc ly 1 1én MICP; (d) Nén dép xi ly 2 1an MICP (Wang et al., 2021)

On dinh nén dwong ven bién, ven séng chju séng va xoi I&

Céc tuyén duong ven bién, ven séng hodc dudng ddp qua ving ngap nudc thudng chiu tac ddng phirc

hop clia séng, dong chay, triéu, mwa I&n va dao dong ap lwc nwdc 16 rong. Nhitng tac dong nay cé thé gay

x6i chan mai, rira tréi vat liéu, mat 6n dinh mai dap va suy giam kha nang chju tai ciia nén dudng. Cac giai
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phdp truyén théng nhu ké bé téng, ro da, twdng chan hodc mang bao vé cé hiéu qua nhat dinh nhung cé
thé& 1am thay d6i can bang van chuyén bun cat, tdng xoi cuc bd & chan cong trinh, chi phi cao va gay tac
déng moi trwdng. K&t cdu nhan tao nhu dé chan séng, moé han hodc ké bién cé thé gay ra cac van dé mai
nhu x8i chan trwdc tudng bién, trong khi vat liéu bé tdng va phuong phap héa hoc cé thé gay 6 nhiém
hodc phat thai khi nha kinh.

Nghién ctru cla Li et al. (2022) trén mai d6c cat chju tac déng séng cho thdy MICP cé thé cai thién manh
khad ndng chéng xo6i bé mat do séng. Trong thi nghiém, nhdm téc giad sir dung phuong phap phun hai pha:
phun dung dich vi khun I&n vung chju séng, dé vi khuan hap phu Ién hat cat trong 6 gid, sau d6 phun
dung dich xi mang hda chira CaCl, 55 g/L, uré 60 g/L, tryptone 10 g/L va beef extract 3 g/L; mét chu ky x
ly hoan thanh sau 24 gi¢ . K&t qua cho thay sau 4 [an x{& ly MICP, vuing méi déc dugc gia ¢d hau nhu khdng
xuat hién xa6i ré rét khi chju tdc déng séng; trong khi mai déc khéng x{r ly xuat hién hd xd6i sdu khoang 5
cm va 7 cm tuong (ng vai chiéu cao séng 8 cm va 12 cm (Li et al., 2022).

v

1m

(a) (b)

Hinh 3: Thi nghiém chéng xdi I& bé mdt mdi déc: (a) So d6 thi nghiém; (b) Mdi déc sau khi bj x6i I& theo
thi tu: khéng MICP, 2 1Gn MICP va 4 Ian MICP (Li et al., 2022)

Tuy nhién, hiéu qua kiém soat x6i mon phu thudc dang ké vao dé déng déu cla Idp CaCOs. Li (2022)
cho thay dung dich vi khuan va dung dich xi mang hda cé xu hwdng chay xuéng chan mai do trong luc, dan
dén sirc khang xuyén va ham lwgng CaCOs bién ddi theo vi tri; ving chdn mai thudng dugc gia c6 manh
hon vung phia trén. Day la van dé quan trong khi ap dung cho mai taluy duwong bé, béi pha hoai thuong
c6 thé khédi phat tai cdc vung yéu cuc bd. Vi vay, thi cdng MICP cho mai taluy can kiém soat lvu lvong
phun, thoi gian gilt dung dich, s6 chu ky xt ly, d& d6c mai va cé thé can két hop vai vai dia k§ thuat hoac
|&p phd tam dé tang thoi gian lwu cta dung dich trén bé mat.

X ly cdt roi dwdi nén duwong

Cat roi dudi nén duwong [a mot dang vat liéu nén cé kha nang chiu tai han ché, do rong |&n, lién két hat
yéu va dé suy giam 6n dinh khi chiu tac dong cla nudc hodc tai trong 13p lai. Trong diéu kién nén duong,
cat roi co thé gay ra lun sau thi cong, bién dang tich [Ty dudi tai trong xe, rira trdi hat min, x8i ngam hoic
mat 6n dinh cuc bo trong nén dap.

Tuy nhién, cac tai liéu cling cho thay xt ly cat r&i bang MICP cé mot s6 han ché can xem xét khi chuyén
tlr phong thi nghiém sang hién trwdng. Van dé I&n nhat 1a tinh déng nhat cba két tia CaCOs. Wang va
cong sy (2021) ghi nhan CaCOs trong nén dap xt ly khdng phan b6 déu ma cé xu hudng tang tir trén xudng
duwéi; digu nay lién quan dén trong luc gay ra hwdng tham va dudng di chuyén cla dung dich x(r ly (Wang
etal., 2021) . Wang va cong sy (2023) ciing téng hop rang trong cac cot cat dai, viéc tao xi méng héa dong
déu can didu chinh ndng d6 vi khuan, van téc bom, thoi gian lvu va phuong phap bom luan phién chu ky;
néu dung cat min cé dwdng kinh hat nhé hon 0,3 mm, hién tugng tic ngh&n gan dau bom cé thé xay ra,
trong khi cét cé kich thuwdc hat 16n hon 0,5 mm it bi tdc hon (Wang et al., 2023). Do d9, trong nén duong
thuc t&, quy trinh xt ly cat r&i bang MICP can dugc thiét ké theo cap phdi hat, d6 rong, dd bdo hoa, pham
vi Xt ly va diéu kién thodt nudc; néu khéng, nén cd thé xuat hién viing xi mdng héa manh—yéu khéng déu,
gay tap trung (ng suat hodc lun léch.
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Xt ly dat trvong n& duwdi nén duéong

Dat trwong nd la moét trong nhitng loai dat nén gay hu hdng nghiém trong cho két cdu dudng bd do khi
nang thay déi thé tich theo d6 am. Khi hiut nudc, khodng sét trvong nd nhu montmorillonite lam dat tdng
thé tich, gdy doi nén, nirt mat dudng va bién dang khdng déu; khi kho, dat co lai, tao khe nirt va lam suy
gidm kha nang chiu tai. Theo TCVN 9436:2012, cdm st dung truc tiép loai dat cé dé trwong nd vuot qua
(3%) dé dap nén dudong. Cac phuong phap x& ly truyén thdng nhu thay dat, 6n dinh bang voi/xi mang,
tron sau hodc dung 1&p chdn 4m cé thé hiéu qua nhung thudng tén kém, phat thai cao hodc khé ap dung
cho duwong dang khai thac.

Hiéu qua ndi bat nhat cha MICP ddi véi dat trwong nd 13 giam bién dang trwong nd. Trong cdc thi
nghiém cua Chittoori va Burbank (2019), bién dang truong né& mot chiéu ban dau nam trong khoang 0,31—
8,84% da giam xudng chi con 0,06-0,47% sau x{r ly MICP. Bdo céo cling ghi nhan rang két tua calcite c6
tadc dong dang ké dén ca cai thién cudong dé va giam truong nd cla dat . Vé mat co hoc, sy giam trwong
nd cé thé duoc giai thich bdi ba co ché b6 trg: CaCOs két tla trong 16 rdng lam gidm kha ndng dat hat va
gilt nwdc; CaCOs tao lién két gitra cac hat hodc cum hat sét, lam han ché bién dang thé tich; va qua trinh
thay d6i méi trudrng hda hoc trong dat cé thé 1am gidm hoat tinh trvong né cda hé dat—-nudc. P6i véi nén
dudng, diéu nay cé nghia 1a MICP cd thé gidm nguy co déi mat dudng, nirt do co—truvong va ltin léch theo
mua (Chittoori & Burbank, 2019).
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Hinh 5: Sy thay déi cla bién dang trurong né mét chiéu cia hén hop dét da va chua xi ly MICP
(Chittoori & Burbank, 2019)

Chéng hda I6ng nén cdt bdo hoa

Hdéa 18dng |13 hién twong dat cat bdo hoa mat cwong dé khi chiu tai trong dong, tai trong lap, do dong dat
hodc tai trong xe chay, lam ap lwc nwdce 16 rong tang nhanh va rng suat hitu hiéu giam. D&i véi nén dudng,
cat hda 16ng c6 thé gay lin d6t ngdt, mat 6n dinh nén dap, phd hoai m6 cau, nirt mat duwong va bién dang
|&n sau déng dat. MICP dwoc xem |a mot hudng x{ ly tiém nang vi CaCOs cd thé lién két cac hat cat, ting
dd cirng, tang strc khang cat va giam xu hwdng phat trién ap luwc nudce 16 rong.

Stra chiva nén dwong hw héng

Mot huédng (ng dung déng chd y cha MICP |a stra chita hodc phuc hoi nén dudng hién hitu bi suy giam
chat lvgng. Nén dudng cé thé hu hong do nhiéu nguyén nhan: dat trwong nd, xéi ngadm, rira trdi vat liéu
min, cat roi bj lin, nén ddp ven song bi xdi, hodc suy gidm cudng d6 do nwdc tham. Cac phuong phéap sira
chira truyén théng thuorng gdm dao bd 1&p hu hong, thay vat liéu, bom vira xi mang hodc tai thiét cuc bé.
Nhirng phuong an nay cd thé tén chi phi, gidn doan giao théng va phat sinh lwong 1&n vat liéu thai. Trong
khi @6, MICP c6 thé dwoc bom vao dat tai chd, tao két tia CaCOs trong vung can gia c6, tir dé gidm nhu
cau dao thay toan bd.
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Két luan va kién nghi

MICP c6 tiém nang rng dung 1&n trong gia c6 nén dwdng giao thong & Viét Nam do diéu kién tu nhién
phirc tap, dac biét |a dia hinh d6i nudi réng, mua I&n theo mua va nguy co' sat triot, x6i mon mai taluy cao.
Bén canh dé, duwdng bd bién kéo dai khién nhiéu tuyén dudng ven bién, ven sdng chiu tac déng thuwong
xuyén cua séng, triéu cuwdng, x6i 1& va xdm nhdp man. Trong bdi cadnh nguén mé vat liéu xay dung ngay
cang han ché, viéc tan dung dat tai chd va cai thién tinh chat co hoc bang MICP cé thé gitp gidm nhu cau
khai thac, van chuyén va thay thé vt liéu. MICP cé thé duwoc xem la mét hudng gidi phédp tiém nang vdi
muc tiéu phat trién ha tang giao théng bén virng va thich rng vdi bién déi khi hau & Viét Nam.

Tuy nhién, @€ MICP tré& thanh gidi phdp sira chita nén dudng & quy mé thuyc té, can giai quyét ba van dé
ky thuat. Th& nhat 13 d6 sdu va pham vi xt ly: can ¢ cac nghién clru kiém soat sy phan bd cua két tua
theo chiéu sau va chiéu rong. Th hai 13 kiém sodt san phdm phu, déc biét véi MICP thiy phan uré cé thé
sinh ammonium; diéu nay can dugc quan ly khi thi cdng gan ngudn nuéc hodc khu dan cu. Thir ba la danh
gia hiéu qua lau dai, vi nén dudng chiu tai I3p lai trong nhiéu ndm va diéu kién d6 am thay déi theo mua.
Do d6, can két hgp MICP vé&i quan trac hién trwdng, thi nghiém tai trong tdm, do md dun dan hoéi, CPT
hodc dia vat ly dé danh gid hiéu qua sau xtr ly.
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Cac phuong phap thi cong coc monopile dwong kinh 1&n

Methods for installing large-diameter monopiles

Phung Birc Long
Héi Co Hoc Bét va Pja Ky Thudt Céng Trinh Viét Nam. E-mail: phung.long@gmail.com

Tém Tat

Viéc str dung cdc ngudn nang lwong tai tao 13 can thiét dé han ché sy gia tdng nhiét dé khi quyén (global
warming) va dap &ng nhu cau nang lugng trong tuong lai. Cac tuabin gid ngoai khoi dugc sir dung réng
rai dé san xuat nang lugng tai tao. Coc monopile 1a loai méng phé bién nhat cho cac tuabin gidé ngoai khoi.
So v@i cac phudng an méng khac, coc monopile twong d6i don gidn va ré tién dé san xuat, chiém khong
gian vira phai trén tau va déng tin cdy. Coc monopile cé thé cé chidu dai dén trén 100 mét, dudng kinh
|én dén 10,6 mét va nang dén trén 2000 tan. Trong bai viét, cadc phwong phép thi cdng coc monopile duoc
tom lwgce. Trong thi cong, phuong phdp ha coc rat quan trong va la yéu t6 quyét dinh téi gia thanh méng
va lya chon giai phap thi cong thich hgp vdi mbi trwdng xung quanh. Cac phwong phap ha coc monopile
duoc thao ludn va so sanh trong bai viét nay.

Abstract

The use of renewable energy sources is essential to limit global warming and meet future energy demands.
Offshore wind turbines are widely used to produce renewable energy. Monopile piles are the most
common type of foundation for offshore wind turbines. Compared to other foundation options, monopile
piles are relatively simple and inexpensive to manufacture, occupy a moderate space on the vessel, and
are reliable. Monopile piles can be over 100 meters long, up to 10.6 meters in diameter, with a weigh over
2000 tons. This article introduces the construction methods of monopile piles. In construction, the pile
driving method is very important and is a decisive factor in determining the cost of the foundation and
the selection of a construction solution suitable for the surrounding environment. The methods of driving
monopile piles are discussed and compared.

Keywords: monopile, impact hammer, GDP (Gentle Driving of Piles), vibro-jetting, micro-bore machine

Mé& dau

Sau nhiéu ndm s dung nhién liéu héa thach, viéc chuyén déi sang cdc ngudn ning lugng tai tao |a can
thiét d€ han ché su gia tdng nhiét d6 khi quyén (global warming) va dap (rng nhu ciu nang lugng trong
tuong lai. Cac tuabin gié ngoai khoi dwoc str dung rong rai dé san xuat ning lwong tai tao va trén toan
cau nhiéu dy an tuabin gié ngoai khoi dang dworc 1én ké hoach cho twong lai. C6 nhiéu phwong dn mong
cho tuabin gidé ngoai khoi, Hinh 1.

Hién nay, coc monopile |a loai méng phd bién nhat cho cac tuabin gié ngoai khoi. Monopile 1a mét coc
don, bao gdbm mét 6ng thép don hd miii, dugc déng xuéng day bién dé d& cac tuabin gid. So vdi cac
phudng dan méng khéc, coc monopile twong ddi don gian va ré tién dé san xuat, chiém khong gian vira
phai trén tau va dang tin cdy.

Coc monopile dugc thiét ké dé chju dugc tai trong ngang va mémen 1at do mdi trudng tac dong 1én
k&t cau cla tuabin, bao gdm tai trong gid, sdng va dong chay, cling nhu hoat dong lién tuc cta chinh tuabin.
Tai trong tac ddng cé thé thay d6i tir dinh cyc tri mot 1an (vi du: hoat dong dirng khan cap roto hay séng
cuwc manh), dén chu ky déu ddn va |3p di l3p lai (vi du: séng hay hoat déng cua réto), thudng két hop vdi
tai trong thudng xuyén (vi du: dong chay, gid). Tai trong phat sinh tir séng va gié cé thé khdng déng nhat.
Trong Hoi nghi dia qudc té Geotec Hanoi 2026, t6 chirc tai Ha Noi ngay 26-27/11/2026, GS. Byron Byrne

111


mailto:phung.long@gmail.com

Ban Tin Hol * VSSMGE Bulletin

s& trinh bay bai giang chuyén dé keynote rat hay “Thiét k& mdng coc monopile cho turbin gié ngoai khoi”
(Design of Monopiles for Offshore Wind Turbines).

Thiét bj thi cdng coc monopile

Céng tac thi cdng coc monopile doi hai mot sd thiét bi dic biét. Cac thiét bi chinh bao gdm: tau, can ciu,
khung kep coc don, va thiét bi déng/ha coc. C6 hai loai tau thi cdng coc monopile thudng duwoc st dung:
tau nang (jack-up vessel) va tau ndi neo dau (moored, floating vessel). Trong Hinh 2 trinh bay mét s6 tau
thi cong coc monopile. Can cau dugc gan trén tau duoc st dung dé dung dirng coc monopile va ghim né
xudng day bién. Coc monopile dugc khung kep nang 1én dé gitr cho coc don & vi tri thang dirng. Khung
kep cé chirc ndng twong ty nhu cac ngén tay gilt dinh khi déng dinh vao gb. Cé hai loai khung kep coc
duogc st dung: khung kep coc ¢8 dinh hodc khung kep coc ddng hoc bu chuyén déng cla tau va séng.

(a) Floating Wind Turbine Concepts (b)

Ballast Stabilized “Spar-Buoy” -~ Mooring Line Stabilized Buoyancy Stabilized
with Catenary Mooring Drag Tension Leg Platform “Barge"” with Catenary
Embedded Anchors with Suction Pile Anchors Mooring Lines

Monopile Tri-Pod Jacket Suction Caisson  Gravity Base

Hinh 1. Cdc dang mdng tru tuabin gid ngoai khoi: (a) Mdng tuabin viung nwdc nbéng,
(b) Méng tuabin néi ngodi khoi

Hinh 2a: Thi céng coc monopile tau Scylla (jack-up vessel)
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Hinh 2b: Thi céng monopile tau neo ddu Svanen Hinh 2c: Tau neo ddu Oleg Strashnov

Trinh ty thi cong coc monopile

Qua trinh thi cdng mét coc monopile gbm sau budc:

Budc 1: Trudc hét, coc monopile dwoc van chuyén tir co s& san xuat dén dia diém |ap dat. Viéc nay
c6 thé dugc thye hién theo nhiéu cach. Vi cac nap bit dau, coc monopile cé thé dwoc lam néi va
duogc kéo bdi tau kéo dén vi tri. Hodc coc monopile c¢6 thé dwoc dit trén sa lan hodc trén boong cla
tau 13p dit.

Budc 2: coc monopile dugc van chuyén theo phuwong ngang, vi vy can phai Iat ngwoc coc monopile
truwde khi l3p dit. Viéc 1at ngwoc dugc thue hién bang can ciu gan trén tau [3p dat. Trong qua trinh 14t
nguwoc, cac tai trong ngang va doc tac dong |én can cau (va tau).

Budc 3: Sau khi 13t nguoc coc monopile, coc duoc treo thang ding trén can ciu. Coc monopile duoc
ha xuéng, qua vung séng vo, va dit xuéng day bién. Luc dong cla séng bién 1én coc monopile khi ha
xudng qua vung séng v, cung chuyén dong cla tau (chuyén dong lc ngang va lac doc gay ra chuyén
ddng dau can cau tuong déi Ién) tao ra chuyén ddng cla coc monopile.

Budc 4: Coc monopile dwoc dat xudng day bién. Vi tri c6 dinh trén mat ddy bién cda miii coc monopile
duogc xac dinh. Coc monopile cé thé tu xuyén vao day bién khodng mot nlra dudng kinh coc do trong
lvgng cta chinh né. Didu nay phu thudc vao dd clrng clia nén dat. DAy cap can ciu van dugc gan vao
coc monopile nén chuy&n dong dau can ciu va lyc séng van tac dong 1én coc monopile. Nhitng luc
nay dugc can bang bdi sy tuwong tac gitta dat va coc monopile. Khung kep khi dé dugc gdn vao coc
monopile.

Budc 5: Thiét bi nang trong ILT (Internal Lifting Tool) két ndi coc véi can cau khi dé dugc ngat khdi coc
monopile. Bua déng thly luc dugc dit 1én trén dAu coc monopile dé déng coc don xudéng dat. Coc
monopile hoat ddng nhw mat con lac nguoc do twong tac gitra coc va dat. Dieu nay cé nghia la coc &
trang thai khong 6n dinh néu khéng duy tri dwoc vj tri thing ding bang khung kep coc. Trong giai
doan nay, coc monopile dwgc déng vao dat dén do sau ma coc cé thé duy tri v tri thing dirng dudi
tadc dong twong tac gitra coc va dat. Khung kep duoc tach khdi coc monopile, d6 nghiéng duoc do va
diéu chinh theo yéu cau thi céng va coc monopile dwgc déng vao dat dén dd siu yéu cau.

Budc 6: Coc monopile dugc dong vao dat dén dé siu thiét ké. Khung kep dwoc nha hoan toan khoi
coc don. Bua thay luc sé duoc dua tréd lai boong tau. Cac budc thi céng coc monopile dwoc minh hoa
trong Hinh 3.
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1 2 3 4 5 6 Finish

Hinh 3: Cdc bwdc thi cong coc monopile: mdt bdng thi cdéng (hinh trén); hinh chiéu canh (hinh dudi).
CAC PHUONG PHAP HA COC MONOPILE

Ha coc monopile bang bta déng thiy lwc

Phuwong phap phé bién nhat dé ha coc monopile xuéng ddy bién 1a déng coc bang bua déng thay luc.
Mét nhugce diém dang ké cia phuong phap nay, dac biét d6i véi cac coc monopile cé dudng kinh rat
I&n, 1a tao ra tiéng 6n dudi nwdc. Bua déng I&dn nhat hién nay tao ra nang lugng xung hon 7.500 kJ (IQIP
Hydrohammer® IQ8), theo thong cdo bao chi cia IQIP (ngay 16 thang 10 nam 2025).

Cac cong nghé thi cdng coc monopile thay thé hién dang duwoc nghién clru, phét trién va thir nghiém.
Nhitng cong nghé nhu vay sé cho phép thi cong va thao d& cac coc monopile dudng kinh I&n trong
tuong lai trong nhiéu diéu kién dat khac nhau mot cach bén virng, tiét kiém chi phi va than thién véi moi
trwong. Phuong phap ha coc rung doc truc, cung cac phuwong phap méi duoc cap bang sang ché nhu
Gentle Driving of Piles (GDP), phun rung VIBROJET, va mdy khoan siéu nho hién dang dugc phat trién.

Ha coc monopile bang phwong phap rung

Phuwong phap ha coc monopile ngoai khoi bang phwong phép rung hién dang dwoc st dung nhw mot giai
phap thay thé cho cac phuong phép truyén thong dung blda déng coc trong cac tang dat cha yéu 13 cét,
nh& nhitng wu diém nhu chi can mdt thao tac nang don gian, gidm thoi gian 13p dat, giam tiéng 6n moi
trwong va gidm thiéu rdi ro coc bj truot. Mdc du viéc déng coc bang bua rung dién ra lién tuc chit khong
phai dung xung lyc, nhung né cling tao ra tiéng 6n dang ké dudi nudc (Martinelli et al., 2023; Elliott et
al, 2025). Han ché cla phuong phap nay 13 khd ndng dong coc phu thudc vao loai dat, hodc déi khi can
phai két thic bang dong tac déng vo bang bua. Cac loai bua rung manh nhat, vi du nhu Dieseko PVE
500MU, c6 thé x&r ly md men léch tdm 1én dén 500 kgm. Mot sé dy &n tiéu biéu trén thé gidi ha coc
monopile bang phuwong phdp rung:

* Dy &n Hai Long (Pai Loan): Dung cu nang rung CAPE duoc st dung cho coc chét gian va coc méng OSS.
* Dy an Riffgat (Dirc): Trang trai dién gié ngoai khoi d&i dau, ap dung phwong phap déng coc rung trong
qua trinh thi cong.
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e Dy &n Kaskasi Il (B&c): Trang trai dién gidé ngoai khoi dau tién s&r dung phuong phdp déng coc rung
dén d6 sau téi da, giam tiéng 6n va day nhanh tién dé thi cong.

Phuong phap dong coc nhe nhang (Gentle Driving of Piles - GDP)

Phuwong phap déng coc nhe nhang (Gentle Driving of Piles - GDP) la mot cong nghé thi cong bang rung
ddng mai cho coc 6ng (don). Dac diém cua phuwong phap nay |a viéc dp dung déng thdi cdc rung déng truc
tan s6 thap va rung dong xoan tan sé cao, nham dat dwoc hiéu suat thi cong cao va gidm phat ra tiéng 6n
dudi nudce. Phueong phap GDP da dugc chirng minh trong mét nghién clru thyc nghiém quy mo trung binh
trén dat lién, cho thay tiém ndng cla phwong phap nay vé hiéu suat thi cdng, Tsetas et al. (2023).

Phuwong phap rung-phun Vibro-Jetting

Vibro-Jetting la mdt phuong phép thi cdng tién tién két hgp rung déng va phun tia bén trong dé giam surc
can cla dat, mang lai kha ndng thi céng coc monopile nhanh hon, @ém hon va than thién véi moi trudng
hon. Céc tia nwdc lam cho dat & dau coc tré nén 1dng hon, gidm ma sat va strc can. Coc dé dang xuyén
vao day bién chi yéu la cat vdi lvong nang lvgng dau vao it hon. Phwong phap nay van chua dugc thuong
mai héa va hién dang dugc trinh dién thi diém tai Hollandse Kust West VI (Ha Lan) va duwgc DNV danh gia
la mot giai phap thay th& day hira hen cho phuong phép ha coc bang bua déng truyén théng, DNV (2019).

Phwong phap khoan siéu nhé Micro-Bore (Herrenknecht AG)

Khoan siéu nho Micro-Bore (Herrenknecht AG) la mét phuwong phép thay thé dua trén khoan dé thi céng
coc monopile ngoai khoi dwong kinh 1&n, ddc biét 1a & day bién khdng déng nhat hodc nhiéu da. Ching la
mot phan trong danh muc cdng nghé “khoan mdng ngoai khoi” OFD® cla Herrenknecht. Phuong phép
nay st dung khoan thay vi déng bda dé thi cdng coc monopile dudng kinh I&n. Mdt mdy khoan ¢ mé-
men xoan |&n s& khoan mot 16 cé dudng kinh tir 3—12m, dwoc diéu chinh theo kich thuéc coc monopile,
vao day bién. Qua trinh thi cdng bao gdm viéc kiém sodt tudn hoan bun chéng thanh va nong rong day 16
khoan, gitp 6n dinh 16 khoan trong khi coc dugc dwa vao nén da. Hoat déng nay cé thé dwoc thuc hién
bang mdy méc dugc trién khai tir cdc tau néi hodc gian khoan tu nang. Phuwong phap nay mang lai do
chinh xéc cao va giam dang ké ti€ng 6n, phu hop véi day bién nhidu da hodc khong déng nhat. Phuong
phdp nay d3 cé san trén thj trudng nhung van con duoc st dung han ché ngoai khoi, theo tai liéu OFD®
cla Herrenknecht AG.

Bang 1. So sdnh cdc phuong phdp ha coc monopile

Phuong phap Céng suat max Uu diém Nhuoc diém

Ha coc bang déng Nang lvgng déng max 7,500k) Théng dung, tai trong I6n Tiéng On I&n, rng suat

Impact driving (1Qlp 1Q8) I&n, thi cbng cham.

Ha coc bang rung Mémen léch tdm 433 kgm | Nhanh, (ng sudt nho, it A a e
Vibratory driving (Dieseko PVE 500MU) tiéng 6n Phu thudc vao nén dat
Ddéng coc nhe Th& nghiém hién trwong quy | .., . N , i

Gentle Driving mo trung binh (GDP, 2023) Giam (ng suat va tiéng on | Dang thur nghiem

Rf.mg phuh Bang sang ché DNV 2024 Nbanh, Ung suat nho, it S6 liéu thuc dia han ché
Vibro-Jetting tiéng 6n

Khoan sieu nho Herrenknecht AG DQ.xChmh xac cao, It gay Phuong phap méi, dat
Micro-Bore nhiéu

CAC KY LUC COC MONOPILE HIEN NAY

Nam 2025, coc monopile dwdng kinh 1&n nhat thé gidi da dwoc thi congtai trang trai dién gié ngoai khoi
|&n nhat tir tredc dén nay cla ScottishPower, East Anglia THREE. Trang trai dién gié nay s& trd thanh trang
trai Ion th& hai trén thé gidi khi di vao hoat déng. Mai coc trong s6 95 monopile cé chiéu dai tir 67 dén
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85 mét, dwdng kinh 1&n dén 10,6 mét va nang tir 1200 dén 1800 tan. Chung dwoc st dung dé d& 95 tuabin
Siemens Gamesa v&i cong suat 14,7 MW mai tuabin, tao ra téng cong suat 1400 MW ning lwong sach, du
dé cung cdp dién cho hon 1,3 triéu hd gia dinh. Coc monopile, dwgc san xuat bai lién doanh Navantia
Seanergies Windar Renovables (JVNW), dugc thi cong bang tau thi cong gian khoan (jack-up vessel)
Seaway Ventus.

Hinh 4. Coc monopile duwoc
thi céng tai trang trai dién
gié ngoai khoi Ién nhét tir
trwdc dén nay cia Scottish
Power.

Mot sé ky luc trudec d6: vao nam 2018, dy an Hornsea One & Anh d3 thi cdng mot coc monopile cé
duong kinh 8,5m va trong lugng 1.300 tan. Ndm 2021, mot coc monopile véi dwdng kinh 9,5m va trong
lwong 1.500 tan duwoc thi cdng tai du n Borssele & Ha Lan. Ndm 2022 tai dy an Arcadis Ost 1, Germany,
cac coc monopiles c6 duwong kinh 9,5 m, dai 110 m, va ndng hon 2.000 tan, duoc thi cong bang tau DEME
Offshore’s vessel Orion.

Bdng 2. So sdnh cdc coc monopile I6n nhét Trung Quéc va Chdu Au

Khu virc/Dy an Nam | buwong kinh | Trong lwgng | DO sau Ghi chu
coc (m) coc (tan) (m)
» ) . L&n nhat Trung Qudc,
Trung Quoc (Quang bong) 2019 >10.0 1,600 37 a1
d6 sau ky luc
Chau Au (Hornsea One, UK) | 2018 ~ 8.5 ~ 1,300 ~30 L&n nhat TG vao 2018
Chau Au (East Anglia N Lén nhat TG tdi 2025
THREE, UK) 2025 10.6 1,800 40

Céc cdng ty Trung Qudc nhu Dajin Heavy Industry va CWHI gan day d3 ché tao va van chuyén céc coc
monopile cho dy an Inch Cape & Scotland, ndng t&i 2.700 tan vdi dwong kinh 11,5 mét. Hién tai, ching
dang gitr danh hiéu coc monopile dudng kinh I&n nhat va ning nhat thé gidi. DU vay, cac coc nay duoc thi
céng & Anh ch khdng phai Trung Quéc. Nhitng ky luc ndy cho thay su phat trién nhanh chéng cta coc
monopile dung trong cong nghé dién gié ngoai khoi.
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Nén dap trén hé coc cd gia cwdng bang vat liéu dia k§ thuat téng hop
cho duong bo va duong sat - K&t noi ly thuyét va thuc tién

Geosynthetic-reinforced pile-supported embankments for highway and railway
infrastructure - Bridging theory and practice

Pham Anh Tuin
Royal Institute of Technology (KTH), Sweden. E-mail: atpham@kth.se

Tém tat

Nén ddp trén hé coc cé gia cwdng bang vat liéu dia ky thuat téng hop (GRPS) [a mot gidi phap hiéu qua
giup kiém sodt téng do lun va do 1in léch cho cong trinh dwong bd va dudng sat trén nén dat yéu. Bai viét
gidi thiéu téng quan co ché lam viéc cha hé GRPS, bao gdbm vom dat, hiéu (rng mang cang, phan luc nén
va ma sat ti€p xdc. Cac hinh dnh thyc nghiém, md phéng s6 va phan tich co hoc tir cadc nghién ciru gan
day duwoc trich dAn nham minh hoa rd rang cac co ché truyén tai. Cudi cung, bai viét thdo luan y nghia
thuc tién va tiem nang 4p dung cla hé GRPS trong diéu kién nén dat yé&u tai Viét Nam.

Abstract

Geosynthetic-Reinforced Pile-Supported (GRPS) embankments provide an effective engineering solution
for reducing total and differential settlement in transportation infrastructures over soft ground. This
article summarizes the working mechanisms of the GRPS system such as soil arching, tensioned
membrane effect, subsoil reaction, and interface friction—supported by experimental observations and
numerical simulations. Practical considerations for applying GRPS solutions in Viethamese geotechnical
conditions are also discussed.

Keywords: Soil arching, GRPS embankment, geosynthetics, soft ground improvement, high-speed railway,
infrastructure.

Mé& dau

Trong boi canh phat trién manh mé& cla ha tang giao théng dudng bo va dudng sat, viec xay dung cac
tuyén dudng di qua vung dat yéu dang trd thanh thach thie thuwong trye tai nhiéu qudc gia, dac biét 13
Viét Nam. Nhirng vin dé nhu tdng dd 1un I&n, d6 lan léch phirc tap va nguy co nirt gdy mat dudng khéng
chi anh huédng tdi tudi tho céng trinh ma con tac dong truc tié€p dén an toan van hanh va chi phi bo tri
(Hinh 1). T thuc tién d6, nhu cau vé mot giai phap nén méng 6n dinh, tin ciy va thi cong nhanh tr& nén
cap thiét hon bao gio hét.

Trong hai thap ky qua, nén dap trén coc cé gia cuwong vat liéu dia ki thuat (PKT) téng hop
(Geosynthetic-Reinforced Pile-Supported Embankments — GRPS) d3 ndi Ién nhu mdt trong nhitng giai
phdp nhiéu wu viét va hiéu qua. Diém ddc ddo ciia GRPS nam & kha nang “két néi” - két ndi gitra tai trong
va coc théng qua co ché vom dat, két ndi gilta bi€én dang va lwc thdng qua hiéu (rng mang céng cda |6p
vat liéu dia ky thuat, va quan trong hon, két néi gitra ly thuyét co hoc tuong tac dat-hé két ciu coc két
hop vat liéu dia k§ thuat véi yéu cau thuec tién cha ky thuat XD cling nhu tai trong CTGT giao thong.

Nh& sy phdi hop cla cac co ché tuwong tac nay, GRPS khdng chi gidm dang ké téng do lun va dd lun
léch ma con tdi wu héa phan bd (ng suit, ndng cao dé bén lau va tang tdc do thi cdng. Nhirng ti€n bd
trong mé phéng s6 3D, thi nghiém trapdoor va phéan tich co hoc trang théi téi han d3 gitp cong déng dia
ky thuat hi€éu sdu hon vé ban chat cla cac co ché nay, tir dé phat trién cdc mo hinh thiét ké ngay cang séat
thuc té.

Bai viét nay nham mang lai mot géc nhin tdng hop nhung dé tiép can vé hé GRPS: tir nén tang co s&
co hoc, cac két qua nghién clru ndi bat, dén nhitng bai hoc thuc tién trong ¢ng dung giao thong tai Viét
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Nam. Muc tiéu la tao nén mot “cau ndi” gitra nghién ctru va hién trwdng, gidp kj sw va nha quan ly cé
thém thong tin dé lwa chon gidi phap nén méng phu hop, hiéu qua va bén virng.

Block Cracking Joint Reflection Cracking Slippage Cracking

.

Figure 1. Cdc dang hw hdng do lin léch trong céng trinh duwdng bd (ngudn Internet)

Ung dung da dang cha giai phap nén dap GRPS

Hinh 2 m6 ta ng dung clia hé GRPS d3 duoec trién khai trong nhiéu béi cdnh cong trinh khéac nhau, t
dwong dan dau cau (Reid et al., 1993), mat duwong giao thong (Tsukada et al., 1993), bé& chita quy md 16n
(ASCE G-I, 1997), dén nén dudng mdi duwoc mé rong ndi tiép nén dudng cii (Han & Akins, 2002) va cac
nén dap st dung coc 8ng (Zhou, 2019). DU mbi cong trinh cé muc tiéu va diéu kién dia chat riéng, diém
chung néi bat 13 sy tan dung kha nang phan b6 tadi manh mé cda |&p vat liéu DKT téng hop “geosynthetic”
k&t hop vdi hé coc dé giam lun khong déu va tdng d6 6n dinh.

Hinh 3 cho thdy mét xu hudng dang chu y: trong khi cac hudng dan truyén thong (Rathmayer, 1975)
khuyén nghi ty I& bao phti coc (coverage ratio) kha cao cho nén dap thap, dit liéu tir cac du 4n GRPS hién
dai lai phan b8 thap hon dang ké va 6n dinh hon theo chiéu cao dip. Diéu nay phan anh sy thay d6i trong
tu duy thiét kE—khi I&p vat liéu DKT téng hop va co ché vom dat dugc tan dung hiéu qua, hé théng khéng
con phu thudc qua nhiéu vao méat dé coc nhu trudc. Cac dy &n tai Trung Quéc co ty 1é bao phu tir 20 dén
40%, trong khi cac dy an tai chau Au va My cho thay coverage ratio phd bién chi tir 5-20%, nhung van dat
hiéu qua kiém soat IUn rat tét. Sw chénh léch gitta ly thuyét cii va thuc té hién dai nhan manh rang GRPS
khdng chi tiét kiém vat liéu ma con hiéu quad hon nh& hiéu ding co ché truyén tai, mé ra co hdi t6i wu hda
thiét ké trong cac céng trinh dat yéu tai Viét Nam.
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Hinh 2. Cdc trng dung phé bién cda gidi phdp GRPS

SNENE

45 1 fe Coverage ratio (%)
2 | = 100°Ac/A
40 - o
35 o < : : i
S O O O
= 30 A < o ob
§ 8 © 8 Guidelines for[Han’ e
: 25 1 © o o ¢ 9 o 70 \ conventional pile supported embankments
0O — {Rathmayer, 1975)
T 20 - g 60 \ _
[e] H m} < o - \ — -Crushed stone fil
:'3 . g 50 \ ——Gravel fill
= 15 4 <©China 8 M ® Recent projects
g <o o 40 \ _
=] CLO X 00 o OEurope = . . .
© 10 A + g o o OUSA z 30 \ Constructed geosynthetic reinforced
% o +South America % 20 N colu:nn-supported embankments
S 5 %° AAfrica I N .
0 % South Korea 8 hd T T T e
0 T . ! 0 ® v
0 5 10 15 0 5 10 15
Embankment height (m) Height of embankment {m)

Hinh 3. Ty Ié bao pht (coverage ratio) ctia coc/mii coc trong GRPS emabnkment.

Co ché lam viéc ctia nén dap GRPS

Nén dap trén coc cé gia cudng vat lidu dia k{ thuat (GRPS) 13 mot hé két cau dic biét, noi bon thanh phan
- dat dap, dat yéu, cac 1&p vat liéu DKT va hé coc - khong hoat ddng riéng r& ma két ndi chat ché& vai nhau
dé tao nén mot co ché truyén tai téng hop va doc ddo. Chinh sy phdi hop hai hda nay gitp GRPS tré thanh
mot trong nhirng gidi phap hiéu qua nhat hién nay cho cac cdng trinh duwdng bd va duwdng sat trén nén
dat yéu (Hinh 4).

Co ché vom dét (Soil Arching)

Truwdc hét, vom dat (soil arching) hinh thanh nhw mot phan ng ty nhién trong nén dap khi nén yéu
phia dudi gitta cac coc lun nhiéu hon khu vec dau coc. P4t phia trén cic coc trd thanh “nhip vom” chiu
tai, trong khi vuing dat & khoang gitra hai coc tré thanh vung gidm &ng suat. Chinh sy chénh léch bién dang
nay tao ra hién twong tap trung &ng suat |én dau coc - mét dang “chuyén tai chon loc” don gidn nhung
can thiét va hiéu qua. Cac thi nghiém clra sap - trapdoor va md phdng s6 da minh chirng co ché nay mét
cach tryc quan qua cdc vung (rng suat do - xanh phan bé rd rét (Hinh 5).
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Soil Arching Tensioned membrane

Gy e

Subzoil reaction Interface friction

Hinh 4. Co ché téng hop cia GRPS embankment (ngudn: Hinh bén trdi tir Deltare Public Wiki; Hinh bén phdi tir
Pham et al. 2021)
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Hinh 5. Co ché hinh thanh vom ddt trong nén ddp GRPS (ngudn: Hinh a tir Ahmadi and Hosseininia 2018; Hinh b tir
Wang et al. 2024; Hinh c tir Lai et al. 2020)

Sw tién trién cia vom dét (Progressive Development of Soil Arching)

Khac vé&i quan niém truyén thong cho rang vom dat hinh thanh ngay 1ap tic va & trang thai c6 dinh, cac
nghién ctru thuc nghiém va mo phdng hién dai cho thay vom dat phat trién theo mot qua trinh tién trién,
phu thudc chat ch& vao chuyén vi twong déi gitta dinh coc va nén dat yéu. M&i quan hé nay dugc goi la
dudng cong phan luc nén (Ground Reaction Curve-GRC). O giai doan d3u, nhitng chuyén vi nhd d3 khién
dat gitra cac coc bat dau tai phan bd (rng suat va tao vlung giam tai, nhwng hiéu &ng vom con yé&u va bién
dang &rng suat chua rd rét.

Khi chuyén vi tdng, dat trén dinh coc chiu nén manh trong khi dat & khoang gitra bi kéo xudng, hinh
thanh ném dat — tién dé cda hinh thanh vom dat. Cac thi nghiém ctra sap - trapdoor va mé phong 3D cho
thay cac dudng dang &ng suat dan cong lai, tao thanh cung vom chju nén. Pén khi chuyén vi da 16n, vom
dat 6n dinh v&i (rng suat don déng ké 1én dau coc va tai xuéng nén yéu gidam manh; viing dat gitra hai coc
gan nhu tach khéi qua trinh truyén tai.

Dang chd y, vom dat tiép tuc diéu chinh hinh dang khi gia tai thém, cho thay day la mét ciu tric “dong”,
linh hoat theo bién dang va diéu kién (rng suat. Hiéu duwoc sy tién trién nay giup cdc md hinh thiét ké thé
hé m&i md phdng chinh xac hon (ng x thuc té va t6i wu héa vat lidu, chiéu cao dap cling nhu bé tri coc
trong cong trinh GRPS (Hinh 6).
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Hinh 6. Burong cong phdn luc nén (GRC) trong nén ddp GRPS (ngudn: Hinh trdi tir Iglesia et al. 2014; Hinh phdi tir
Pham and Han 2025)

Hiéu trng mang cdng (tensioned membrane effect)

Mot dac diém khac 13 khi dat gilra cac coc bi Iun va I&p vBng xudng, hiéu rng mang cing (tensioned
membrane effect) bat dau phat huy tac dung. Luc kéo trong mang dia k{ thuat giéng nhu mat chiéc véng
chiju tai, giup chuyén bét trong lvong sang hai diém tua 1a cac dau coc. Khéng chi déng vai tro chiu luc,
mang cing con gitp lam phang bién dang mét nén, gidm ltn l&ch, va phan b6 lai ¢ng susdt mot cach hiéu
qua hon. Cac nghién ctru cho thay bién dang I&n nhat thuwdng xuat hién tai mép coc - noi ma mang dia ky
thuat chju kéo manh nhat (Hinh 7).

Tendency for aggregate
to displace laterally

<+<—— Asphalt layer —§

Geosynthetic-
induced lateral
restraint

Geosynthetic Stress distribution

Stress
distribution e, Subgrade

Hinh 7. Hiéu trng mang cdng trong nén ddp GRPS (ngudn: Hinh trén tir Han 2021; Hinh duwdi tir Zornberg 2017)

Phén lwc nén (subsoil reaction)
Song song d6, phan luc nén (subsoil reaction) tir I&p dat y&u van déng gdp mot phan sirc khang nhat dinh,
dac biét trong giai doan dau khi dat chua bi pha hoai hoan toan. Diéu nay Iam cho GRPS tré thanh mot hé
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chuyén tai ba chiéu, noi dat, coc va vat liéu DKT téng hop cung chia sé tai trong theo tirng giai doan phat
trién cha bién dang (Hinh 8).

1500
1400
- 1300
1200
1100
1000

- 200
- 100

Hinh 8. Sw phdn b6 trng sudt thdng ding tir mé hinh 3D: (a) phia trén geosynthetic, (b) phia dwdi
geosynthetic (nguén: Pham et al. 2021)
Ma sdt tuong tdc giita dat va vat liéu dia ky thudt (Soil-geosynthetic interface friction)
Cudi cung, ma sat ti€p xuc gitra dat va vat liéu dia ky thudt, du it dugc cha y trong thye hanh, lai déng vai
trd quan trong trong viéc han ché truot va tang hiéu qua phan bd tai. Ma sat nay gilp |&p geosynthetic
“neo” t6t hon vao dat dap, 6n dinh hé théng va t&i wu héa tac dung clla mang cing.

Co ché twong tdc téng hop cta nén ddp GRPS

Khi két hop, bon co ché trén khdng chi b6 tro ma con kich hoat 1an nhau, tao nén mot hé truyén tai téng
hop manh mé. Vom dat gidm tai cho vung gilta coc; mang cidng diéu hoa lai phan bé (rng suat; phan luc
nén va ma sat bé mat giip “tinh chinh” qua trinh truyén tai theo tirng cap dd chuyén vi. Chinh sy twong
tadc nhip nhang nay giai thich vi sao GRPS thudng dat hiéu suat vuot trdi trong thuc té, va cling la ly do
céc mé hinh thiét k& hién dai ngay cang nhan manh dén tinh tién trién (progressive mechanisms) cta hé.

Hiéu ndng chia GRPS duwéi tai trong déng va y nghia cia md phéng déng lwc hoc

Hiéu ndng ctia nén dap GRPS dudi tac dong cla tai trong ddng — chang han chuyén dong clia doan tau, tai
trong truc xe 13p lai hodc tai trong va dap — thé hién rd kha nang vuot trdi cia hé thdng nay so vdi cac giai
phap truyén théng. Cac thi nghiém va két qua md phong dong gan day cho thay co ché vom dat khéng chi
ton tai trong diéu kién tinh ma con phéat trién mét cach nhay déng khi nén chiu dao dong chu ky. Pang
chuy, bién d6 (rng suat do dugc tai cdc cdm bién tdng dan theo thoi gian va theo sé chu ky tai, phan dnh
qua trinh hinh thanh vom dat tién trién ngay ca trong diéu kién dao dong manh. Diéu nay khang dinh réng
GRPS khéng bi phd v& co ché truyén tai khi chiu tai ddng ma nguoc lai, cang hoat ddng hiéu qua hon khi
nén dap dat dén chuyén vj du lén.

Trong cac nghién ciru cho dudng sat tdc do cao, ap luc dat ddng va (ng suat truyén xudng coc bién
thién theo chiéu sau, vdi sy khac biét rd rét gitra vung trén dinh coc va vung phia trén nén yéu. Cac biéu
d6 dong cho thay tai trong dong cé xu hudéng lam tang hiéu suat truyén tai vao coc (pile efficacy), dac biét
trong giai doan dau cta chu ky. Tuy nhién, khi van t6c tau tang 1én (80-360 km/h), hiéu suat truyén tai
doéng cé thé giam nhe do bién dé dao déng 1dn lam gidm tinh 6n dinh tam thoi cda vom dat — hién twong
chi cé thé danh gid chinh xac théng qua mé phéng ddng luc hoc. Déng thoi, cdc md phang 3D theo chu ky
cho thay lun tich Ity ctia dinh nén dap (Point B) tang tuyén tinh theo s6 chu ky, trong khi ltin clia nén dat
yéu (Point D) x3y ra nhanh hon nhung sém dat trang thai “6n dinh dan”, nho su téi phan bé (rng suat tir
|&p vat liéu DKT téng hop va hé coc (Hinh 9).

Viéc mé phong tai trong dong khéng chi lam rd qua trinh truyén tai phirc tap ma con la céng cu thiét
yéu dé du dodn bién dang du, (rng suat dao ddng va tudi tho cla céng trinh nén dudng. Trong thiét ké
duwong sat toc dé cao, mod phdng dong cho phép xac dinh van téc gidi han, lwa chon chiéu cao dap, do
ctrng geogrid va khoang céch coc t8i wu nhdm han ché IUn tich Ity va dam bao an toan van hanh. Nhitng
két qua nay khang dinh rang GRPS, khi duoc thiét ké véi mé phong ddng chinh xéc, 1a gidi phdp nén méng
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hiéu qua va bén virng cho cac céng trinh chiju tai trong |3p 1&n, m& ra trién vong ng dung rdng rai cho cac
tuyé&n duong sat va dudng bo hién dai tai Viét Nam.

Pt
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Hinh 9. 3D numerical modeling of a piled embankment under cyclic loading (nguén: Pham and Dias 2019)
Phwong phap thiét k& nén dip GRPS: K&t ndi co’ ché va thuec tién
Quy tdc thiét ké

Thiét k& nén dap trén coc cé gia cwong dia ki thuat (GRPS) khdng chi | viéc xac dinh tai trong tac dung
lén coc hay chon loai geosynthetic phu hop, ma la qua trinh “gidi m3” cach hé théng truyén tai va bién
dang nhu mot thé thdng nhat. Khdc véi nén dap truyén théng, GRPS lam viéc dua trén sy két hop cua
nhiéu co ché phirc tap—voOm dat, mang cang, phan lyc nén va tuong tdc dat—coc. Do d6, phwong phéap
thiét k& hién dai d3 duwogc phat trién theo hudng mé ta ding ban chat cla cac co ché nay thay vi chi dwa

trén cac gia dinh don gian hoa.

Design methods Critical height of arching

geometry = - : -
“arching” Terzaghi (1943) H.; = 2.5(s — a)
; Low et al. (1994) Ho=5-a

(BS 8006, 2010) Heo = 1.4 (5-a)
(Carsslon, 1987) Heo = 1.8 (5-a)
(Hewlett and Randolph, 1988) He = 1.4 (5-a)
(Kempfert et al. 2004) H.q = (s-a)/v2
(Horgan and Sarshy, 2002) Heiy = 1.545 (s-a) 10 1.92 (s5-a)
{Naughton. 2007) Hew = %.e""“""’-ﬂ
{(McGuire, 2011) Hep = 1.15 (s-a) + 1.438a
MNumerical Results Hee = vV2.(s —a)

Hinh 10. Quy tdc thiét k& nén dap GRPS vdi hai burdc tinh todn va chiéu cao tdi han

Nhu minh hoa trong Hinh, thiét k€ GRPS thudng duoc thuc hién theo hai budc chinh, phan anh hai
giai doan lam viéc khac nhau cla hé két cau (Hinh 10):

Bwdrc 1: Phén tich vom dét — xdc dinh phdn bé tédi I1én coc va vét liéu DKT téng hop

O giai doan d4u, su chénh |éch bién dang gitra d3u coc va nén y&u lam xuat hién vom dat (arching), chuyén
phan 1&n tai trong xudng cac dau coc. Muc tiéu cta budc nay la xac dinh chinh xac ty 1é tai trong duoc
truyén theo co ché vom (phan A) va phan tai trong con lai (B + C) vin tac dung |én 1&p vat liéu DKT tong
hop va dat mém bén dudi. Dy 1a budc quan trong vi né dat nén tdng cho toan bd thiét ké: néu dy dodn
sai phan b6 tai trong, cac tinh toan tiép theo vé bién dang, &rng suat va do bén cta vat liéu DKT téng hop
s& thiéu chinh xac. Cac phwong phap phan tich méi hién nay thdm chi con md phdng su tién hda cha vom
dat theo chuyén vi, gitip danh gid gan vdi thyc t€ hon (Hinh 9).

Buwdrc 2: Phén tich quan hé ta-bién dang dé xdc dinh bién dang vét liéu DKT téng hop va lun léch gitra coc
Sau khi biét dwoc phan tai trong con lai tadc dung 1én 1&p vat liéu DKT téng hop va nén yéu, budc thi hai
md phéng d6 véng va bién dang cua vat liéu DKT téng hop, dong thdi danh gia Iun 1éch gilra cdc dau coc.
L&p vat liéu DKT tong hop lam viéc nhw mot mang cing, ti€p nhan phan tai dw va truyén lai xuéng coc qua
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lwc kéo. Thiét ké phai dam bao |6p vat liéu DKT tdng hop khdng vuot qué bién dang cho phép va do véng
khdng gy ra liin l1éch vuot tiéu chuan khai thac. Day 1a buwdc thé hién rd vai tro cha vat liéu dia k§ thuat—
néu chon chua phu hop, hé thong s& khéng dat hiéu qua du bé tri coc tét.

Hai budc thiét ké trén tao nén mot quy trinh chat ché, trong dé Buwdc 1 md ta cach tai trong duwoc chia sé,
con Budc 2 mo ta cach hé théng bién dang dé can bang tai trong dé. Sy két hgp nay cho phép ki su vira
kiém soat dwoc rng suat, vira kim soat bién dang, dam bdo nén dap GRPS hoat ddng bén vitng trong
diéu kién tinh va déng. Chinh nh& céch ti€p can cé hé thdng nay ma GRPS d3 tré thanh gidi phap dang tin
cay cho cac cong trinh dwong bo va duwdng sat hién dai.

Phwong phdp thiét ké

Mot diém rat dang chd y 13 hiéu qua truyén tai va bién dang cda GRPS phu thuéc manh vao phuwong phap
thiét k€ duoc str dung. Cac biéu dd so sanh trong Hinh cho thay nhitng khac biét dang ké gilra cac tiéu
chuan hién hanh. Cac phuong phdap truyén théng nhu BS8006, Nordic hay EBGEO cé xu huwdng bao thu,
thuwdng danh gid hiéu suat truyén tai thap hon va dy doan bién dang cao hon, dic biét khi khoang céch
coc 1&n hodc chiéu cao dap tang. Diéu nay xuat phat tir cac gid dinh don gidn hda vé vom dat (coi nhw
hinh thanh hoan chinh ngay lap tirc) va hiéu (rng mang cang (xem nhu tuyén tinh), vén khéng phan anh
duoc ban chat tién hda cla co ché trong thyc té (Hinh 11).

Nguoc lai, cdc mé hinh thiét ké Pham (2020) tuyén tinh va phi tuyén, vén xem xét sy phat trién dan
cla vom dat va quan hé tai — bién dang thuc cla vat liéu DKT téng hop, cho két qua gan véi md phdng sd
3D FEM hon. Sy tuwong déng nay cho thay cac md hinh méi da thu hep khodng cach gitra ly thuyét va hién
trwong bang cach mo td dung ban chat cia GRPS. Trong khi cac tiéu chuan truyén théng cé thé dan dén
thiét k& du thira vat liéu (coc nhiéu, vat liéu PKT tong hop day), cdc phuong phap hién dai cho phép téi
wu hoéa cau hinh coc va vat liéu PKT téng hop ma van ddm bao an toan va hiéu qua.

Khi tich hop toan bd bang chirng tir thi nghiém, mé phdng va danh gid thiét k&, ¢ thé thay rang GRPS
la mot hé két cAu ma cac co ché tuong tac phat trién theo chuyén vi, va vi vay doi hdi phwong phép thiét
k& phan anh dang tinh tié€n hoa dé. Viéc irng dung cdc mo hinh tién tién khdng chi cai thién do chinh xéc
ma con mang lai lgi ich kinh t& dang k&, dac biét trong bdi canh xay dwng quy md 1&n & Viét Nam.
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Hinh 11. Bdnh gid hiéu ndng cta cdc phwong phdp thiét ké (nguén: Nobahar et al. 2024)

Két luan va kién nghi
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Cac két qua téng hop tir thuc nghiém, moé phdng sd va so sanh phuong phap thiét ké cho thay nén dap
trén coc cé gia cwong dia ki thudt (GRPS) 1a mot gidi phép rat hiéu qua dé kiém soat Iin tdng, lun léch va
lan tich |Gy duéi tai trong tinh va dong. Hiéu ndng vuot trdi cda GRPS dén tlr s cdng hudng gitra vom
dat, hiéu &rng mang cang cla vat liéu BKT tong hop , phan luc nén va twong tac dat—coc, trong do co ché
vom phat trién mang tinh “ti€n hda” theo chuyén vi gilt vai tro dic biét quan trong. Cac mé hinh thiét ké
hién dai xét t&i sy tién hda nay cho két qua gan véi FEM 3D hon, cho phép du dodn hop ly cd (rng suat va
bién dang cla hé.

T géc dd thuc hanh, cé thé rut ra moét s6 khuyén nghi: (i) nén wu tién sir dung GRPS cho céc tuyén
duwong bd va dudng sat trén dat yéu, ddc biét khi yéu cau khéng ché& do lun [éch nghiém ngét; (ii) lwa chon
cau hinh coc va vat liéu DKT tdng hop can dua trén phan tich dong thoi chiéu cao dap, khodng cach coc
va tai trong déng dy kién; (i) nén st dung cadc md hinh thiét ké tién tién két hop véi moé phdng s6 dé hiéu
chinh, thay vi chi dwa vao céc tiéu chuan bao thiu nhu BS8006 hay EBGEO; va (iv) véi cdc cong trinh chiu
tai dong I&n (dwdng sat téc do cao, tai xe nang 13p lai), viec phan tich dong lwc hoc (ké ca lun tich Ity theo
chu ky) nén dugc xem nhu mot budce bat budc trong thiét ké. Nhitng diéu nay sé gitp thiét k& GRPS vira
an toan, vira kinh té va phu hop diéu kién thyc té€ & Viét Nam.
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