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Anh bia 1: Vi tim nhin xuyén the ky, Ha Noi xac
dinh song Hong Ia truc cdnh quan chi dao, trung

tam cla cdu tric d6 thi ddi xing, 1dy dong song lam
“mat tién”".

NGOCLY
THANH NGA
MINH THANH

KTS PHAM THANH TUNG
TS.KTS TRAN THI LAN ANH

TS.KTS BUI DUY DUC

THS LE TUNG LAM, THS TRAN NGOC HIEU
PGS.TS NGUYEN THANH SANG
GS QIANG YUAN

TS YU CHENG

TS LE QUANG HUNG

NGUYEN HOANG LINH

AN NHIEN

TRAN THI VIET HA, VO TRONG NGHIA
THS.NCS DUONG QUYNH NGA, PGS.TS LE QUYNH CHI

GS.TS.KTS DOAN MINH KHOI, KTS CAO THANH NGHIEP
GS.TS.KTS NGUYEN QUOC THONG
THS.KTS LUONG VO DAM NINH, TS.KTS NGO THI KIM DUNG

THS.KTS NGUYEN DUY THANH

75 D0 HONG ANH, TS NGUYEN PHUONG THAO,
PGS.TS DANG THI THANH HUYEN

TS NGUYEN LAN HUGNG, TS PHAM DUY DONG,
GS.TS TRAN THI VIET NGA

TS NGUYEN THANH PHONG

THS MAI THI DUYEN

THS NGUYEN THANH CONG
TS TRAN DONG KIEM LAM, THS NGUYEN BUC KHIEM

TSLENGOCLAN

THS BUI NAM PHUGNG, NGUYEN DUY TAN,

NGUYEN NGOC TAM NHU

15 BUI THANH QUANG

TS NGUYEN DANG HANH

75 VO NGUYEN PHU HUAN

PGS.TS TRAN THI THUY VAN, TS DAO NGOC KHOA
GS.TS HOANG XUAN LUGNG, THS NGUYEN XUAN QUAN,
THS LE TUAN ANH, TS NGUYEN CHI THO,

THS NGUYEN BA NGOC THAO
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QUAN LY NGANH

Qudn Iy chdt lugng ha téng giao thdng duding bo: Dam béo tinh bén vitng cho toan hé théng
Diéu chinh hgp dong xdy dung khi gid vat liéu bién dong phai theo tiing trudng hop

Dy théo b ludt hang héi va dutng thiy Viét Nam (stta ddi): Tao dong luc mdi cho phét trién kinh
t€ bién

TU CHiNH SACH DEN CUOC SONG

S6ng Hdng trong khdng gian Ha Noi mdi

Hinh thanh hé théng do thi thé hé méi tai Viét Nam 2050 trén nén tang an ninh xanh va kha nang
chdng chiu

Tit phong trao“bd phd vé vuan” ti md hinh "dd thi nong nghiép", tang cudng mang ludi sinh théi
tai Viét Nam

S0 hoa vat liéu“Xanh” hudng tdi Net Zero

Thiét ké thanh phan bé tong cho dudng sét tdc do cao: Can tiép can theo tudi tho cong trinh

(6ng nghé san xudt va thi cong cdu kién bé tong dtic san cho duding st toc d9 cao Trung Qudc:
Tang t6c xay dung nhung phai kiém soat chat ché vat liéu, nhiét d9 va quy trinh

(6ng nghé phu gia cho san xudt cdu kién bé tong dtic sn - [ap ghép: Hudng tdi cudng do sém,
gidm dutng ho nhiét va phdt thdi €0,

TRO CHUYEN VG1 CHUYEN GIA
Nganh Xay dung mé dudng va dan dét tang trudng trong ky nguyén méi

GOC NHIN TU THUCTIEN
Am anh rac thai pin xe dién!

GIGI THIEU SACH MG1

Anl.

B sach “Cong nghé 6 to dién”: Hé thdng hda kién thiic tir st dung an toan dén cong nghé nén tang

NGHIEN CUU KHOA HOC

Xéc dinh vi trf diém trung chuyén giao théng cong cong tai TP H Chi Minh

Ma hinh Quy hoach khdng gian xung quanh cac ga dudng sét toc do cao Bac - Nam: Ly ludn trén
thé gidi va dinh hudng cho Viét Nam

Nhén dién cdu tric nén téng cho dinh hudng phét trién khang gian do thi Ha Noi

Ban vé xu hudng hién dai dan tc trong kién tric Viét Nam

Ma hinh va gidi phdp quan Iy di san kién tric tai cc diém du lich tinh Quang Ninh dudi géc do
quan ly do thi

Chuyén dich TOD sang mang lu6i viing tai TP H6 Chi Minh: Khung chinh sach va chién lugc phan
tang khdng gian

Khdo sat chdt lugng mdi trudng trong céc xudng lang nghé tai ché nhya: Nghién cttu dién hinh tai
lang Phan Boi, tinh Hung Yén

Xay dung ban d6 chdt lugng nudc nhdm dénh gid sy bién ddi theo khdng gian va thdi gian clia mot
50 song cap nudc chinh cho khu vuc do thi TP Hai Phong

Ung dung nguyén Iy khéa thiy luc trong thiét ké bé loc vét liéu loc néi ty rifa theo gi6i han tén
that loc

(ong téc kiém ké dat dai va thanh [ap ban dd hién trang st dung dat ndm 2024 sau khi sap nhap
don vi hanh chinh: Nghién ctiu tai xa Phudc Long, tinh Ca Mau

Tong quan cong nghé loc nano dat ngap trong x{ Iy nuéc mt va tiém nang ng dung tai Viét Nam
Dénh gid ing dung coc da trong céi thién kha nang chdng hoa 16ng cla nén ddt cét: Bang chiing
thuc nghiém va cac théch thic nghién ciu

(o ché va ddc trung luc bam dinh giita 6t thép va bé tong nhe c6t liéu téi ché dudi anh hudng ctia
cudng do chiu nén

Xdy dung khung danh gia tién tién cho vt liéu xanh tai cdng hang khdng Viét Nam

Sita chifa va gia cudng két cau bé tong c6t thép bang hop kim nhé hinh

Nghién cdu hién tugng carbonat hda clia vita xi mang trong mdi truong (O, siéu tdi han

Phén tich (ing xit méng ndng bang phan t& hiiu han 3D trong cac diéu kién dia chat khac nhau
Phan tich 6n dinh phi tuyén ciia hé khung phéng béng phuong phap phan t& hitu han

Nghién ciu dao dong riéng cta dam hai I6p ¢6 16 rong vi mé trén nén dan héi pasternak chiu nén
doc truc

Gia 75.000 dong




NGOCLY
THANH NGA

MINH THANH

PHAM THANH TUNG
TRANTHILAN ANH

BUIDUY DUC

LETUNG LAM, TRAN NGOCHIEU
NGUYEN THANH SANG
QIANG YUAN

YU CHENG

LEQUANG HUNG

NGUYEN HOANG LINH

AN NHIEN

TRAN THIVIET HA, VO TRONG NGHIA
DUONG QUYNH NGA, LEQUYNH CHI

DOAN MINH KHOI, CAO THANH NGHIEP
NGUYEN QUOCTHONG
LUONG VU DAM NINH, NGO THO KIM DUNG

NGUYEN DUY THANH

DO HONG ANH, NGUYEN PHUONG THAOQ,
DANG THI THANH HUYEN

NGUYEN LAN HUONG, PHAM DUY DONG,
TRANTHIVIET NGA

NGUYEN THANH PHONG

MAITHIDUYEN

NGUYEN THANH CONG

TRAN DONG KIEM LAM, NGUYEN DUCKHIEM
LENGOCLAN

BUINAM PHUONG, NGUYEN DUY TAN,
NGUYEN NGOC TAM NHU

BUITHANH QUANG

NGUYEN DANG HANH

VO NGUYEN PHU HUAN

TRAN THI THUY VAN, DAO NGOC KHOA
HOANG XUAN LUONG, NGUYEN XUAN QUAN, LETUAN ANH,
NGUYEN CHI THO, NGUYEN BANGOC THAO
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INDUSTRY MANAGEMENT

Road infrastructure quality management: Ensuring system sustainability

Adjustments to construction contracts due to fluctuating material prices must be made on a
case-by-case basis.

Draft amendments to the Vietnamese Law on Maritime and Inland Waterways: Creating new
impetus for the development of the marine economy.

FROM POLICY TO LIFE

The Red River in the context of the new Hanoi

Forming a next-generation urban system in Vietnam by 2050 based on green security and
resilience.

From the "return to the countryside" movement to the "agricultural city" model, strengthening
ecological networks in Vietnam.

Digitizing "Green" materials towards Net Zero

Designing concrete components for high-speed rail: A lifespan of the structure approach is needed
Technology for manufacturing and constructing precast concrete components for China's high-speed
rail: Accelerating construction but requiring tight control over materials, temperature, and processes.
Additive technology for the production of precast concrete components: Towards early strength,
reduced heat curing and (0, emissions.

TALK WITH EXPERTS
The Construction industry paves the way and leads growth in the new era.

PERSPECTIVE TO PRACTICAL
The obsession with electric vehicle battery waste!

ABOUT NEW BOOK
The book series "Electric Vehicle Technology": Systematizing knowledge from safe usage to
fundamental technology.

SCIENTIFIC RESEARCH

Spatial identification of public transport interchange hubs in Ho Chi Minh City

Planning models for North-South High-speed railway station areas: Global theoretical frameworks
and Strategic orientations for Vietnam

Identifying the foundational structures for guiding Hanoi's urban spatial development
Discussing the national modern trend in Vietnamese architecture

Models and solutions for the management of architectural heritage at tourist sites in Quang Ninh
province from an urban management perspective

Shifting TOD to regional network in HCMC: Policy framework and Spatial stratification strategy
Investigation of environmental quality in plastic recycling workshops: Case study in phan boi
village, Hung Yen province

Water quality mapping using water quality index to assess the temporal and spatial variations of
water quality at some major water intake points supplying water for Hai Phong city

Application of the hydraulic lock principle to the design of self-washing floating-media filters at
terminal head loss

Land Inventory and Compilation of the 2024 Current Land Use Map Following Administrative Unit
Consolidation: A Case Study in Phuoc Long Commune, Ca Mau Province

A review of submerged nanofiltration technology for surface water treatment and its potential
applications in Vietnam

Stone columns for liquefaction mitigation in sandy soils: Experimental evidence and research challenges
Bond mechanisms and characteristics between steel reinforcement and recycled lightweight
aggregate concrete under the influence of compressive strength

Integrated design framework for optimizing Vietnam's passenger terminals: Balancing

national and international standards

Repair and strengthening of reinforced concrete structures using shape memory alloys

Study on the carbonation of cement mortar in supercritical 0,

Three-dimensional finite element ananlysis of shallow foundation behavior under different
geological conditions

Nonlinear stability analysis of plane frame systems using the finite element method

Free vibration analysis of a two-layer beam with microscale porous voids on a pasternak

elastic foundation under axial compression
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TS TRAN VAN PHUC

KS HUYNH CHI HIEU, TS NGO VAN THUC, THS BINH HOAI LUAN,
THS NGUYEN LE TAI, THS BUI THI NGOC HIEN

TS PHAM HOANG

KS NGUYEN DAI PHAT, TS NGUYEN HOANG TUNG,
PGS.TS TRUGNG DINH NHAT, THS LE THI THUY LINH
KHUC HONG VAN, TRAN MANH CUONG, TA QUANG HUY,
NGUYEN NGOC THANG

THS.NCS CAO TRONG CONG, PGS.TS NGUYEN DUC MANH,
THS NGUYEN DINH DONG, THS LE ANH BUC

TAO VAN CHIEN

THS PHAM HUY KHUONG

BUI VAN TUYEN

NGUYEN MINH PHUC, NGUYEN VAN AN, LUU ANH VAN,
TS MAI QUANG HUY

THS NGUYEN THANH DIEU, PGS.TS PHAN VAN HUNG,
TS MAI XUAN HUONG

NGUYEN NGOC ANH, HOANG MAI PHUGNG,

NGUYEN DAT HIEU, LUU THI KIM THOY,

TS NGUYEN XUAN THINH

THS HOANG HOTU DUC, TS NGUYEN VAN KHANH,

KS TRAN NGUYEN TUAN PHAT

PGS.TS NGUYEN VAN SUGNG, THS PHAM TAT TIEP,
THS PHAM VAN LUAN

TS TRAN HAI VIET, TS NGUYEN THI THOY HONG,

THS PHAN THI BiCH NGOC

TS TRAN HOU LONG, THS LUU NGOC THIEN

TS NGUYEN PHAN ANH, TS DANG XUAN THAO,

TS TRAN NGOC AN, PGS.TS NGUYEN HONG SON

TS TRINH MINH HAI, THS VO NGOC TRINH

THS.NCS NGUYEN HOU GIANG, TS NGUYEN ANH TUAN,
THS.NCS NGUYEN HOU ANH
TS NGUYEN PHUONG THAO

TS NGUYEN VAN TRUNG, THS NGUYEN THAI SON,
TS LEVANTUAN
TS TA VAN PHAN, TS CHU TUAN LONG

THS NGUYEN LE MINH LONG, PGS.TS LUU TRUGNG VAN

75 O THI HUYEN, THS VO VAN HIEP

TS NGUYEN DANG HANH, KS LUU HOANG NGA

TS LE TRONG TUNG, NGUYEN VAN HOAI,

NGUYEN NGOC NGHTA NGHIA, TRINH V0 CAM QUYNH
THS NGUYEN HOANG LONG, PGS.TS NGUYEN ANH TUAN,
PGS.TS NGUYEN VAN TIEP

7590 VAN THUAN, PGS.TS NGUYEN LUONG HAI

TS V0 MINH TAM, TS THAI HONG NAM

KS LE THINGOC, TS HA THANH TUNG

TS TRUGNG TRONG VUONG, KS DO HONG SON,

THS NGUYEN XUAN PHU, KS NGUYEN HUY CONG

TS PHAM HOU HA GIANG, NGUYEN NHAT HAO,
TRAN DUC KHANH, LE NGOC TAN, HUYNH VAN HIEP
D0 TRONG NGHIA
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Anh huéng ctia bé rong tam soi céc-bon gia cung dén ing xit bam dinh ciia tam soi céc-bon vdi
bé tong
Nghién ctiu (ing Xt uon clia dam bé tong cudng do cao cot GFRP

Phén tich mdt s6 nguyén nhan gy hu hdng cong trinh bé tong c6t thép

T6i uu hoa tiét dién két cdu thép nha dén dung bang thugt toan SAPSO hiéu chinh tich hgp vdi
SAP2000-0API

Nghién ctu kha ndng chiu udn két cdu dam bé tong c6t thép cai tién boc thép chir U

Ung dung mang no-ron sau du bao géc ma sat trong clia dat loai sét Ian dim san

Ung dung phan mém Universal Mechanism (UM) trong mé phéng dong luic hoc toa xe

Nghién ciu thiét ké hoan cai bd phan chay phuong tién chuyén dung dudng sit ATLAS 1404 KZW
@6 phuc vy thi cng trén dudng sat mé

Ap dung thuat todn ma tran dé tdi uu tinh toan thoi gian thi cong theo phuang phép day chuyén
Ma phdng so dong xody qua cum tru cau ddt ndi tiép tai so Reynolds thap

Phat trién (ing dung va danh gid hiéu qua cng cu tra c(tu truc tuyén ho trg kiém soat hoat dong
ludn chuyén hang nguy hiém qua cdng bién Viét Nam
Nghién c(u phuong an kj thudt do dac kiém tra d{ Ich cdng trinh vong quay mat trgi Sun Wheel

Lap trinh cdng cu va phan tich bién dong |6p phd bé mat dat tir d liéu GIS vién tham - thuc
nghiém tai phuong Long An, tinh Tay Ninh

B0 diéu khién trugt thich nghi tich hgp bo quan sat nhiéu cho hé thdng vay gidm lic ngang tau
thiy

Xay dung 19 trinh u tién thuc hanh ESG tai cum cang container Hai Phong: Tiép can bang md hinh
ra quyét dinh da tiéu chi lai Fuzzy Delphi va Fuzzy AHP

Nghién c(u hién trang, bién dong moi trudng nudc khu vic nudi 1ng bé ven bién Hai Phong

Phan tich anh hutng clia cac tham s6 khi dong dén mét 6n dinh flutter cdia ddm cau nhip I6n

Dénh gid nguyén nhén nit ban mdt cau bé tong cot thép qua quan tréc bién dang do tai trong va
nhiét do moi truong

Nghién c(tu (ing dung mo-dun “Fast Rolling Stock” trong phdn mém RM bridge dé xac dinh cic
thdng s6 ddng luc hoc két cau cau duting sat toc d6 cao

Xu hudng xdy dung thanh phd thong minh bén viing: Tiép can tich hgp kinh té - moi truong - xa
hgi va danh gid vong doi (LCA)

Kién c6 hda trudng I6p tai khu vuc bién gidi: Danh gia tién trinh chinh sach va gidi phap thuc thi

Dénh gia dinh lugng hiéu qua dau tu hé cop pha nhom tich hop ty dong héa trong thi cong nha
cao tang

Phat trién mé hinh khai niém cho thuc hanh kinh t€ tudn hoan trén cong trudng: Mot nghién ctiu
Delphi

Nghién c(u ting dung mé hinh ba I6p phong vé trong kiém soat ngi b tai doanh nghiép xdy dung
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QUAN LY

QUAN LY CHAT LUGNG HA TANG GIAO THONG DUONG BO:

Pam bao tinh bén viing cho toan

hé thong
’%

N

NGOC LY

Trong boi canh day manh phat trién ha tang giao thong quoc gia, cac dé xuat ve viéc
keo dai thoi han bao hanh cong trinh 1én 10 nam va cong khai hoa trach nhiém nha
thau dang thu hut su quan tam I6n tu du luan.

r cac khia canh ky thuat, kinh té va phap ly lién quan dén

dé xuat ctia doanh nghiép trong tuong quan véi théng

lé quoc té va thuc tién Viét Nam, viéc quan ly chat luogng

phai dua trén nén tang khoa hoc van hanh céng trinh,
quan tri rdi ro tai chinh va hé théng phap luat dong bo, thay vi
ap dung cac co ché ca biét mang tinh cdm tinh.

DAT VAN PE

Quan ly chét lugng céng trinh giao thong la mét mat xich
then chét trong viéc t6i uu hda hiéu qua dau tu cong. Mdi day,
Van ban s6 1462-CV/VPTW ngay 02/4/2026 clia Van phong Trung
uong Dang vé viéc lay y kién danh gia cac dé xuat ctia Cong ty
Son Hai da md ra mot dién dan thao luan sau réng vé trach nhiém
clia nha thau. Cac kién nghi tap trung vao ba ndi dung: Kéo dai
thai han bao hanh 1&n 10 nam, cdm bién cong khai danh tinh nha
thau trén tuyén va diéu chinh co ché gii tién bao hanh.

Dé& c6 cai nhin khach quan, Bo Xay dung da phéi hop véi cac
cd quan chuyén mén va hiép hoi nghé nghiép nham phan tich
cac dé xuat nay dudi lang kinh khoa hoc va thuc tién.

SU PHAN TACH GIUA “BAO HANH” VA “BAO TRI”

Dudi goc d6 ky thuat ha tang, moi két cau cong trinh déu
tuan theo quy luat hao mon tu nhién. Mgt cong trinh dudng
b6 tiéu chudn bao gém nhiéu thanh phan véi tudi tho ky thuat
khac nhau. Viéc dé xuat mét muc bao hanh chung 10 nam cho
toan bd cong trinh giao théng cho thay:

Su chong 1an véi chu ky béo tri: Theo quy trinh van hanh ha
tang giao thdng, méc 5 - 7 nam |a thai diém bat dau chu ky trung
tuva 10- 12 nam la chu ky dai tu. Tai thdi diém nay, cac vat liéu nhu
bé tong nhua sé xuat hién hién tuong lao hoa do tac dong cla
nhiét d6, tia UV va oxy hda (lam gion nhua dudng).

Khé khan trong gidm dinh: Néu kéo dai bao hanh dén 10
nam, viéc phan dinh gilta “hu hong do thi cong kém” (trach
nhiém bao hanh cdia nha thau) va “hao mon tu nhién/hét nién
han s&rdung I16p pht” (trach nhiém bao tri cla Nha nudéc) tré nén
cuc ky phtrc tap. Biéu nay dé dan dén cac tranh chap phap ly
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kéo dai, gay tac nghén trong cong tac quan ly van hanh.

D3i chiéu théng lé qudc té: S6 liéu thuc chiing tir cac qudc
gia c6 ha tang phat trién cho thdy mét cach ti€p can phan Iop
thay vi cao bang:

Tai Nhat Ban: Thai han bao hanh phé bién la 2 nam. Méc
10 nam chi dp dung cho céc phan két cau chinh ctia nha & cao
tang nham bao vé quyén Igi ngudi tiéu dung ca nhan, khéng ap
dung cho ha tang giao théng cong céng.

Trung Quéc quy dinh quan ly chat lugng cong trinh dugc
phan chia theo hang muc. Tai Thugng Hai, thoi han bao hanh
cao téc téi thiéu chi la 1 nam va dugc théa thuan dua trén tinh
chat dac thu cda goi thau.

Viéc quy dinh thai gian bao hanh t6i thiéu 24 thang (d6i voi
cong trinh cap dac biét va cap I) trong phap luat Viét Nam la mot
“nguéng an toan” phlu hgp véi dac diém ky thuat va thong lé
quoc té. Nha nudce khuyén khich cac bén tu nguyén théa thuan
kéo dai thoi gian bao hanh dua trén nang luc riéng, nhung viéc
luat héa méc 10 nam la thi€u co s khoa hoc va khong thuc tién
cho s6 dong.

VE QUAN TRIRUI RO VA BAI TOAN KINH TE ViMO

Thirnhdt, chi phi co héi va dp luc dong tién doanh nghiép:

Viéc kéo dai bao hanh di kém vai viéc gitt lai tién bao hanh
hoac bao lanh ngan hang sé tao ra mot “diém nghén” vén cuc lén
cho nén kinh té. Gia stt mét du an cao téc co gid tri 5.000 ty déng,
sO tién bao hanh gittlai (3%) la 150 ty dong. Néu bi “giam” trong 10
nam, véi muic lai suat vay trung binh 9%/nam, chi phi tai chinh ma
doanh nghiép phai ganh chiu Ién t6i hang tram ty déng.

Hé qua tat yéu |3, dé ton tai, cdc nha thau budc phai tinh toan
rdi ro ndy vao gia du thau. Diéu nay truc ti€p lam tang téng muc
dau tu clia cac du an cong, gay lang phi ngan sach nha nudc va
lam gidm s6 lugng cong trinh dugc khai cong trong cing mot
nguon luc tai chinh.,

Thirhai, co ché bdo dam tai chinh linh hoat:

Hién nay, mdc tién bao hanh t8i thiéu (3 - 5% gia tri hap
déng) la cong cu can thiét dé cha dau tu cha dong xa ly cac su



Chinh sdach phap ludt can dwoc xdy dung trén nén tang cdc con so thong ké va thire nghiém khoa hoc, dam bdo tinh bén viing

cho toan hé théng chir khong chi dwa trén mé hinh ca biét cua mot doanh nghiép don le.

¢6 khan cp. Tuy nhién, B6 Xay dung nhan dinh rang, déi véi
phan thai gian bao hanh tu nguyén tang thém, can c6 co ché
linh hoat: Thay vi giir tién mat, c6 thé 4p dung hinh thic bao
lanh clia ngan hang hodc dic biét 1a bdo hiém chéat luong cong
trinh. Day la mé hinh tién tién gidp gidi phong vén cho nha thau
trong khi van dam bao nguén luc tai chinh khac phuc su ¢
théng qua bén thi ba chuyén nghiép.

GIAM SAT CONG PONG: TU HINH THUC PEN THUC
CHAT TRONG KY NGUYEN SO

Vé dé xuat cam bién cong khai tén nha thau dé ngusi dan
giam sat mang tinh tryc quan nhung chua dat hiéu qua quan
ly chuyén sau:

Trudc hét, hé théng bién bao trén dudng cao tc phai tuan
thd nghiém ngat Quy chuan ky thuat quéc gia vé bao hiéu
dudng bd (QCVN 41:2019/BGTVT). Viéc cdm qua nhiéu bién
théng tin khong lién quan dén diéu hudng cé thé gay mat tap
trung cho tai xé, ti€m an nguy co tai nan.

VE tinh khach quan, ngudi tham gia giao thong c¢6 thé nhan
dién hu hong bé mat, nhung khéng thé danh gia dugc nguyén
nhan géc ré (do dia chat bién dong, do xe qua tai vugt thiét ké,
hay do 16i thiét ké ky thuat). Vi thé, viéc gidm sat nay c6 thé tao
mét su danh gia cdm tinh, c6 thé lam t8n hai uy tin thuong hiéu
clia doanh nghiép mét cach thiéu can ci phap ly.

Theo B6 Xay dung, thay vi cdm cac tdm bién vat ly c6 thé
han gi theo thdi gian, viéc giam sat cé thé thuc hién theo hudng:
Céng khai lich st nang luc, chat lugng va trach nhiém bao hanh
clia tat ca cac nha thau trén moi trudng s6; SO dung ma QR tai cac
diém diing nghi hoc cac ing dung quan ly dudng bod dé ngudi
dan phan anh thong tin. Cac phan anh nay sé dugc cac co quan
chuyén mén (Cuc Gidm dinh nha nudc vé chét lugng cong trinh
xay dung, Cuc Budng bd Viét Nam...) ti€p nhan, thim dinh va
quy trach nhiém mot cach khoa hoc trudc khi cong bé rong rai.

Vi SU PHAT TRIEN BEN VUNG CUA HA TANG QUOC GIA
R6 rang, viéc duy tri khung phap ly hién hanh vé bao hanh

cong trinh giao théng la can thiét, déng thai dinh hudng nhiing
budc di mai cho quan tri ha tang trong ky nguyén s6. Qua do,
van dé bao hanh cong trinh giao thong dugc dinh vi ré nét qua
cac ngi dung sau:

Duy tri su 6n dinh cta hé théng phdp ludt: Khung thdi gian
bao hanh t6i thiéu hién hanh la két qua clia qua trinh nghién
ctiu ky ludng vé chu ky ky thuat va kinh t€. Khéng nén thay doi
quy dinh chung dé dap (ing mé hinh ca biét ctia mét vai doanh
nghiép, nham tranh gay xao trén va bat binh déng trong thi
trudng xay dung.

Tén trong quyén tu'théa thudin: Nha nudc hoan nghénh va tao
diéu kién cho cac nha thau c6 nang luc cam két bao hanh dai
han. Biéu nay nén dugc cu thé hda bang cac diéu khoan riéng
biét trong hgp déng xay dung gilta chti dau tu va nha thau, kém
theo co ché gidi phdng tién bao hanh linh hoat sau thgi gian
bat budc.

Hodn thién céng tdc quan ly ky thudt: Can tach bach ré rang
trach nhiém van hanh, bao tri dinh ky cdla Nha nudc va trach
nhiém bao hanh clia nha thau. Viéc siét chat chat lugng phai thuc
hién ngay tur khau thiét k&, khao sét va giam sat thi cong thuc t€,
thay vi chi trong cho vao viéc kéo dai thai han bao hanh.

Minh bach héa béng céng nghé: Chuyén dich manh mé sang
quan tri chat lugng dua trén dir liéu. Uy tin cla mét nha thau
phai dugc xay dung dua trén cac chi s6 dinh lugng vé dé bén
cong trinh va trach nhiém xa ly su c6 dugc luu trir vinh vién trén
hé théng qudc gia.

Chinh sach phap luat can dugc xay dung trén nén tang
cac con s6 théng ké va thuc nghiém khoa hoc, dam béo tinh
bén viing cho toan hé théng chd khéng chi dua trén moé
hinh ca biét cila mét doanh nghiép don lé. Viéc nang cao
chat lugng cong trinh giao théng la mot hanh trinh doi hoi
su déng bo gilta dao diic nghé nghiép ctia doanh nghiép va
khoa hoc, nghiém minh trong quan ly ca Nha nudc. Su két
hgp gilta cam két tu nguyén ctia nha thau va khung phap ly
linh hoat, chat ché chinh la giai phéap t6i uu cho phét trién
bén viing cla ha tang qudc gia.
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QUAN LY. NGANH

bieu chinh hop dong xay dung.khi gia

vat lieu bien dong phal theo tiing

truong hop

THANH NGA

Gia xang dau, vat lieu xay dung bién dong manh trong khi nhiéu du an I6n cung trién

khai, tao ap luc len hgp dong tron goi va hgp dong theo don gia c6 dinh. Trudc thuc
té nay, viec diéu chinh hgp doéng can dugc xem xet theo tung truong hgp cu thé trén
€O sO dui liéu, dieu kien phap ly va hé so danh gia.

Khi nhu cau thi cong tang déng thai, thi trudng xay dung
¢6 thé xuat hién tinh trang canh tranh nguén luc gitta cac du
an. Gia vat liéu, nhan céng, chi phi van chuyén, chi phi huy
doéng thiét bi khong con la bién dong riéng |é cla tiing goi
thau, ma c6 thé trg thanh ap luc chi phi mang tinh hé théng.

Trudng hap Cang hang khéng quéc té Long Thanh la mot
vi du dang cha y. Du an c6 téng muc dau tu gan 337.000 ty
déng, khéi cdng dau nam 2021, du kién hoan thanh cudi nam
2026. Tuy nhién, dén gilra thang 4/2026, téng s6 nhan sy thi
cong mdi dat khodng 8.457 ngudi, tuong duong 60% nhu
cau, trong khi ké hoach can khoang 14.000 ngudi.

Riéng goi thiu 5.10 - nha ga hanh khach, luc lugng lao
dong tung duy tri khodng 5.300 ngudi/ngay trudc ngay
26/01, sau d6 gidam xuéng con 1.500 ngudi, hién tang I1én
khoang 3.400 ngudi nhung van thap hon nhu cau khoang
6.000 ngudi.

Theo Téng céng ty Cang Hang khéng, ngudn lao dong
tai du an dang bi canh tranh manh ti cac du an ha tang lon
trong khu vuc nhu: cao t6c Bién Hoa - Ving Tau, mé rong cao
téc TP.HCM - Long Thanh; cung véi diéu kién lam viéc nang
néng, nhiéu bui tai cdng trudng khién viéc thu hat va gil
chan lao dong gdp kho khan.

Nh{rng con s6 nay cho thay, thi€u hut nguén luc khéng
chi anh huéng dén tién do thi cdng, ma con tac déng dén
chi phi thuc hién hgp déng. Khi lao déng khan hiém, vat liéu
bi canh tranh, thiét bi thi cdng phai phan bé gitra nhiéu duy
an, gia dau vao c6 xu hudng bién dong manh hon. Trong béi
canh do, hgp déng xay dung, nhat la hgp dong tron géi va
hgp déng theo don gia cé dinh, diing trudc ap luc 16n hon so
Vi gid dinh ban dau tai thoi diém ky két.

Cac chuyén gia cho rang, bién dong gia va thiéu hut
nguon luc can dugc nhin nhan ddng ban chat. Bay khéng chi
la khé khan riéng clia nha thau, cing khéng chi la van dé cla
mot du an cu thé. Khi nhiéu du an trong diém cung buéc vao
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giai doan cao diém thi cong, stic ép vé vat liéu, nhan cong,
thiét bi va nadng luc nha thau cé thé lan rong, tac ddng dén
tién do, chi phi, gidi ngan va hiéu qua dau tu.

Tuy nhién, tUr ap luc thuc té€ dén diéu chinh hgp déng
[a mét qua trinh phai dugc xem xét than trong. Gia vat liéu
tang, nhan cong thiéu, thiét bi khé huy dong la nhiing yéu té
can dugc danh gia, nhung khoéng thé tu dong trd thanh can
¢’ diéu chinh gia hop déng. Day la diém can phan dinh ro,
tranh xur ly theo cam tinh, bao dam viéc chia sé ri ro, néu co,
phai dua trén diéu kién phap ly va di liéu cu thé.

TU thuc té trién khai cac du an 16n, PGS.TS Nguyén Thé
Quan - Trudng Dai hoc Xay dung Ha Néi cho rang, nhiing gi
dang dién ra tai Long Thanh c6 thé dugc xem 1a mot “phép
thir stic chiu tai ctia hé théng” ddi véi nang luc quan tringuén
luc chia Viét Nam.

Theo PGS.TS Nguyén Thé Quan, van dé khéng chi nam &
mét du an don 1é, ma phan anh 3 thiéu hut 16n: (i) thi€u diéu
phéi tién dé lién du an; (i) thi€u co ché uu tién nguén luc &
cap qudc gia; (iii) va thiéu hé théng theo déi nguén luc theo
thai gian thuc.

Canh bao nay cho thdy, khi nhiéu du an I6n cung trién
khai, thi trudng xay dung cé thé roi vao tinh trang tu canh
tranh nguén luc. Cac du an cung can lao dong ky thuat,
VLXD, may moc, thiét bi, tu van, nha thau va nang luc quan
ly trong cing mét giai doan. Néu thiéu du bao va diéu phéi,
stic ép nguén luc c6 thé lam tang chi phi, anh hudng tién do
va phat sinh tranh chap trong qua trinh thuc hién hgp déng.

PGS.TS Nguyén Thé Quan bay té quan diém: Néu dé céc
du &n tu canh tranh nguén luc trén thi trudng, hé qua cé thé
la thi€u hut lao ddng cuc bd nhung lan rdng, chi phi tang kho
kiém soat, mat can déi phan bé nguén luc gitra khu vuc cdng
- tu va rdi ro cham tién d6 mang tinh hé théng.

Diém kho khéng chi nam & viéc gia ting bao nhiéu, ma
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& ché xac dinh phan bién déng nao thudc rai ro thueng mai
théng thudng cta nha thau, phan nao phat sinh ti hoan
canh khach quan vugt khéi khd nang du bao tai thai diém
ky hgp déng. Néu thiu d liéu gia, thiéu chi s6 gia dang tin
cay, thi€éu phuong phap xac dinh pham vi tac dong, viéc diéu
chinh hgp déng rat dé roi vao hai trang thai: (i) hoac cham xa
ly do lo ngai trach nhiém, (ii) hodc x{r ly nhung hoé s khéng
du stic bao vé quyét dinh.

Vi vay, diéu chinh hgp déng khong thé chi dua trén phan
anh kho khan chung hodc ap luc tién dé. Méi quyét dinh diéu
chinh phai c6 ho so chiing minh: (i) bién déng gia xay ra sau
thaoi diém ky hgp dong; (i) muic d6 bién ddng anh hudng truc
ti€p dén phan khéi lugng con lai; (iii) nha thau da ap dung
cac bién phap can thiét trong kha nang cho phép; (iv) va viéc
khéng stra d6i hop dong cé thé gay thiét hai nghiém trong
hodc anh hudng dén kha nang tié€p tuc thuc hién hgp déng.

Trudc bién dong gia xang dau, VLXD, B Xay dung da c6
Van ban s6 6761/BXD-KTQLXD ngay 08/5/2026, husng dan
cac Bo, nganh, dia phuang vé viéc diéu chinh hgp déng xay
dung, trong d6 khong dat ra co ché diéu chinh dai tra, ma
yéu cau viéc xur ly phai dua trén tirng hgp déng, ting diéu
kién thuc hién va tiing can cu phép Iy cu thé.

Thu trudng Bui Xuan Diing chi dao: Viéc diéu chinh hgp
déng trong khudn khé phap luat vé bat kha khang va hoan canh
thay d6i co ban. Theo B luat Dan su 2015, su kién bat kha khang
phéi dap tng da 3 diéu kién: (i) xay ra khach quan; (i) khéong thé
ludng trudc; (iii) va khong thé khic phuc dugc mic du da ap
dung moi bién phap can thiét trong kha nang cho phép.

Dai véi hoan canh thay déi co ban, phap luat quy dinh 5
diéu kién, trong dé c6 (i) yéu cau su thay d6i do nguyén nhan
khach quan xay ra sau khi giao két hgp dong; (ii) tai thai diém
giao két, cac bén khong thé ludng trudg; (jii) hoan canh thay
déi I6n dén muc néu biét trudc thi hop dong da khong dugc
giao két hodc dugc giao két vai ndi dung hoan toan khag; (iv)
viéc ti€p tuc thuc hién hgp déong ma khong thay di ndi dung
sé gay thiét hai nghiém trong cho mét bén; (v) va bén bi dnh
huédng da 4p dung moi bién phap can thiét nhung khéng thé
ngan chan, gidm thiéu muc d6 anh huéng.

Da6i vai hgp dong tron gaéi va hgp dong theo don gia c6
dinh, Tha trudng Bui Xuan Ding néu ré: Chi dugc diéu chinh
don gia trong trudng hop bat kha khang theo quy dinh phap
luat vé xay dung va hgp dong xay dung. Hgp dong xay dung
cling c6 thé dugc slta déi trong trudng hap hoan canh thuc
hién hgp déng cé thay déi co ban theo quy dinh cla Luat
P4&u thau va Bé luat Dan su.

Cach hudng dan nay cho thdy ré nguyén tac x{ ly, bién
déng gia la yéu t6 can dugc xem xét, nhung viéc diéu chinh
hop déng phai dat trong diéu kién phap ly cu thé, khéng tach
khoi ban chat cta tiing loai hgp déng. Hop dong tron géi va
hop d6ng theo don gia ¢6 dinh vén dugc thiét ké dé kiém
soat rai ro chi phi. Cac rui ro du kién truéc da dugc tinh vao
gia tron géi (d6i véi hgp dong tron goéi) va cac rdi ro vé gia

da dugc tinh vao don gia (d6i v6i hgp dong theo don gia c6
dinh). Vi vay, néu moi bién déng gia déu dugc diéu chinh, ky
luat hop déng sé bi suy yéu; nhung néu khong xem xét trong
nhiing trudng hgp bién dong vuot khoi kha nang du bao va
dap ung diéu kién phép luat, du an c6 thé bi dnh hudng tién
do, phat sinh tranh chap va lam tang chi phi gian tiép.

Thi trudng Bui Xuan Diing cling yéu cau chi dau tu phai
lam viéc v&i nha thau dé phan tich, danh gia tac dong cla
bién ddng gia déi vai diéu kién, tinh chat, cdng viéc cu thé
cla ting hgp déng. Cac yéu té can xem xét gom: (i) thai diém
ky két hgp déng; (i) khéi lugng da trién khai; (iii) cac bién
phap da ap dung trong kha nang cho phép clia bén nhan
thau. Tu d6, d6i chiéu vdi diéu kién phap luat dé xac dinh su
kién nay co dugc coi la bat kha khang hodc hoan canh thay
déi ca ban hay khéng.

Day la yéu cau quan trong, b&i méi hgp déng co cau tric
chi phi, thai diém ky két, loai vat liéu chu yéu, khéi lugng
con lai va muc d6 chiu tac dong khac nhau. Mot hogp dong
ky trudc khi gia vat liéu tang manh, con phan I6n khéi lugng
chua thi cdng, sé khac vai hgp déng ky sau khi mat bang gia
mai da hinh thanh. Mét goi thau co ty trong vat liéu 16n sé
khac vai géi thau chd yéu la tu van, thiét bi hoac lap dat. Mét
nha thau da chiing minh dugc né luc gidm thiéu thiét hai sé
khac véi truding hgp chua c6 da ho so chiing minh.

Dé viéc danh gia c6 co s6, Bd Xay dung yéu ciu nghién
clu ky muc do bién dong gia xang dau, VLXD dé Iua chon
phuong phéap diéu chinh gia, co s& di liéu dau vao, nguén
thong tin vé gia, nguén chi s6 gid, pham vi diéu chinh va yéu
t6 diéu chinh.

Nhu vay, diéu chinh hgp déng, néu cé, phai dugc chiing minh
bang ditliéu cu thé, phuong phap cu thé va pham vi cu thé.

Viéc stra d6i hgp déng trong trudng hop bat kha khang
hodc hoan canh thay déi co ban cling phai bdo dam khoéng
thay d&i muc tiéu, quy mé dau tu, khéng vuot téng muc dau
tu da dugc phé duyét hodc phé duyét diéu chinh, bdo dam
hiéu qua dau tu cta du an, tranh that thoat, lang phi. Noéi
dung slra d&i c6 thé bao gém: loai hop déng, hinh thiic gia
hop déng, phuong phép diéu chinh gia, nguén dir liéu dé
diéu chinh gia hgp déng va cac néi dung lién quan...

& gbc dé quan tri rdi ro, diéu can tinh khong chi 1a chi
phi diéu chinh hgp dong, ma con la chi phi néu hgp déng
bi dut gay. Khi rdi ro vugt qua ngudng nha thau cé thé ganh
chiu, viéc nha thau diing thuc hién cé thé khién chi dau tu
phai danh gia lai khéi lugng da lam, lua chon nha thau mdéi,
XU ly lai diéu kién gia, tién do, chat lugng va trach nhiém hop
déng. Trong nhiéu trudng hgp, chi phi thay thé nha thau cé
thé 16n hon chi phi chia s&@ moét phan rdi ro c6 diéu kién dé
nha thau du nang luc ti€p tuc thuc hién.

Vi vay, tinh than xr ly khong phai la diéu chinh dai tra hay
ndildng kiém soat chi phi, ma la nhan dién dung trudng hap
can chia sé rdi ro. VGi nha thau co nang luc, da chiing minh
dugc nd luc gidm thiéu thiét hai va chiu tdc ddng bdi bién
dong khach quan vugt khoi khad nang du bao, viéc xem xét
diéu chinh trong khuén khé phap luat cé thé |a gidi phap bao
vé tién do, chat lugng va hiéu qua dau tu cda du an.
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QUAN LY NGANH

DU THAO BO LUAT HANG HAI VA BUGNG THUY VIET NAM (SUA DO):

Tao dong luc maéi cho phat trién kinh

té bién

(=

= MINH THANH
NS

V3i muc dich nham thé ché hoa chu truong, chinh sach cua bang va Nha nudc, tiép
tuc hoan thién co ché, chinh sach trong linh vuc hang hai, dudng thuy ndi dia, du
thao BO luat Hang hai va buong thuy Viet Nam (sta doéi) da b6 sung nhiéu quy dinh
mai lien quan dén két cdu ha tang, van tai, gia dich vu...

Du thdo B0 luat Hang hai va Buong thdy Viét Nam (stra
déi) dang dugc Bé Xay dung lay y kién gép y. Viéc xay dung
du an B6 ludt nhdm thé ché héa chu trueng, chinh sach cda
Pang va Nha nudc, ti€p tuc hoan thién co ché, chinh sach
trong linh vuc hang hai, giao théng duong thly noi dia; thuc
hién cam két cta Viét Nam véi cong dong qudc té; thu gon
hé théng phép luat chuyén nganh; xt ly dit diém tinh trang
dan xen gitia 2 linh vuc hang hai va duong thuy néi dia, tao
thuan Igi cho qud trinh tra cu, ap dung; tdng cudng hiéu luc,
hiéu qua céng téc quan ly nha nudc linh vuc hang hai, giao
théng dudng thay noi dia; khac phuc nhiing vudng mac, bat
cap; dé xudt cac giai phap dé gidi quyét cac van dé mdi, van
dé phat sinh; khoi thong cac diém nghén, tao ra déng luc mai
cho su phat trién kinh té - xa héi, hoi nhap qudc té, dam bao
quéc phong - an ninh trong ky nguyén mdéi, ky nguyén vuon
minh cla dan toc.

Trén tinh than do, tai Diéu 41, du thdo Bo luat da sta ddi,
bé sung va hoan thién theo huéng da dang hoa cac phuong
thiic khai thac két cdu ha tang hang hai dugc dau tu bang
ngudn vén nha nudc, thay vi cht yéu theo hinh thiic cho
thué khai thac nhu hién hanh. Cu thé, da bé sung cac hinh
thic nhu giao quén ly, chuyén nhugng quyén thu phi, cho
thué quyén khai thac, chuyén nhugng cé thai han quyén khai
thac va cac hinh thic khac theo quy dinh clia phap luat, bao
dam phu hgp véi phap luat vé quan ly, st dung tai san cong.
Dong thai, quy dinh lam ré nguyén tic t6 chic thuc hién,
trach nhiém cda cac chd thé lién quan va cg ché quan ly déi
vdi tung loai két cau ha tang, dac biét la phan dinh gitia ha
tang phuc vu muc dich cong céng va ha tang c6 kha nang
xa héi hoa khai thac. Viec bé sung co ché xit ly déi vai tai san
hinh thanh tir nguén vén hén hgp va tai san dugc chuyén déi
cdng nang ciing gép phan tang tinh linh hoat trong quan ly.

Trong khi dé, quy dinh vé khai thac két cau ha tang dau
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tu ngoai ngan sach nha nudc cling dugc b sung nham hoan
thién co ché quan ly, khai thac d6i véi két cdu ha tang hang
hai, dudng thay néi dia dugc dau tu ngoai ngan sach nha
nudc, bao dam phi hop véi chd truong xa hoi hoa dau tu ha
tang. Du thao khdng dinh quyén ch dong clia nha dau tu
trong lua chon hinh thic quan ly, khai thac, d6ng thai quy
dinh ré trach nhiém cdia chu sé hitu, don vi khai thac trong
bao tri, quan ly, bdo cao va thuc hién nghia vu tai chinh, bao
dam quan ly nha nudc va st dung hiéu qua tai san.

Dong thadi, b6 sung co ché chuyén ddi két cdu ha tang do
doanh nghiép dau tu (nhu luéng chuyén dung, khu chuyén
tai) thanh ha tang céng cdng theo quy hoach, kém theo viéc
xem xét hoan trd mét phan vén dau tu, nham khuyén khich
doanh nghiép tham gia dau tu ban dau va tao diéu kién dé
Nha nudc ti€p nhan, khai thac phuc vu Igi ich chung khi c6
nhu cau. Viéc giao Chinh pht quy dinh chi tiét bao dam tinh
linh hoat trong t6 chuic thuc hién va phu hop véi phap luat vé
dau tu, tai chinh cong va tai san céng.

Clng lién quan dén két cau ha tang, mot trong nhiing
dé xudt quan trong tai du thdo lan nay la bé sung quy dinh
rd rang vé tiéu chi lua chon nha dau tu déi véi cac du an
cang bién, cadng thuy néi dia cé tinh chat chién lugc. Cac du
an thudc dién nay bao gém: Du &n dau tu mai téng thé khu
bén cang thudc cadng bién loai dic biét; Du an dau tu mai
khu bén cadng container trung chuyén qudc té va du an dau
tu khu cang, bén thuy néi dia dau maoi khu vuc. Chinh pha
sé 1a co quan quy dinh chi tiét vé tiéu chi, thdm quyén ciing
nhu trinh ty, thi tuc lua chon dé ddm bao tinh minh bach
va hiéu qua.

Bén canh van dé lua chon nha dau tu, duthdo Bo luat cling
ma ra nhitng ca héi I6n thong qua cac chinh sach uu di va
hé trg dau tu, tap trung vao xu thé phat trién bén viing, bao
gém: chuyén déi s6, phat trién ha tang xanh, thich ting vai
bién dé&i khi hau va giam phat thai khi nha kinh.



Phéi canh Cang trung chuyén quoc té Can Gior

KHANG DINH VI THE CANG BIEN

Theo du thdo Bo luat, chic ndng co ban clia cdng bién
dugc xac dinh la dau méi giao théng van tai, thuc hién chic
nang tiép nhan tau bién, béc dé, luu gil, trung chuyén hang
héa, don tra hanh khach va két n6i van tai da phuong thec.
Dbéng thai, cung cap dich vu logistics va dich vu hang hai,
bao gém luu kho, phan phéi, dich vu gia tri gia tang, hoa tiéu,
lai dt, cung g, stia chita tau bién va cac dich vu lién quan
khac; két néi, chia sé di liéu va (ing dung cdng nghé sé trong
quan ly, khai thac cang va chubi cung Ung.

Cang bién clng la trung tdm thuc day phat trién cong
nghiép, thuong mai, khu kinh té va hoat dong san xuat,
xuat khau, nhap khau; tao déng luc thic day du lich, d6 thi
va kinh té bién; la dia diém thuc hién quan ly nha nuéc vé
hai quan, kiém dich, bién phong va cac chic ndng quan ly
chuyén nganh khac; Bdo dam quéc phong, an ninh, an toan
hang hai, bdo vé méi trudng va thuc hién chuyén déi xanh
trong hoat déng cang bién theo quy dinh clia phép luat va
diéu udc québc té.

Theo co quan soan thao, du thao B luat da mé rong va
cu thé héa chiic nang clia cdng bién theo huéng phu hgp voi
thuc tién phat trién hién dai. Trong d6, b sung cac néi dung
vé dich vu logistics, két néi van tai da phuong thic, ing dung
c6ng nghé sé va vai trd cia cang bién trong chubi cung tng.
Pong thai, lam ré chic nang clia cadng bién |a trung tam phat
trién kinh té, thuong mai va la dia diém thuc hién quan ly nha
nudc chuyén nganh, bdo dam quéc phong, an ninh, an toan
hang hai va bao vé méi trudng. Theo B6 Xay dung, viéc slia
déi nay nhdm nang cao vai tro, vi thé clia cang bién, phu hop
véi dinh hudng phat trién kinh t& bién va hoi nhap quéc té.

Mét trong nhiing diém dang chu y khac tai du thao Bo
luat 1a hinh thanh khung phap ly th6ng nhat lién quan t6i
viéc dau tu, khai thac va quan ly cang bién, cang, bén thuy
ndi dia va cang can... nham tao nén tang phap ly cho phat

Theo Ké hoach xdy dung du dn Bé luét Hang hai
va Dudng thay Viét Nam (stra déi) cia Bé Xdy
dung, tirthdng 6 - 7/2026: Tiép thu gidi trinh y
kién Thanh vién Chinh phd déi véi hé so du dn
Bé ludt; Hoan thién hé so du dn Bé ludt, bdo cdo
Chinh phu, Tha tuéng Chinh phd trinh Quéc héi;
Chinh phd gtii hé so du dn Bé ludt dén Uy ban
ctia Quéc héi duoc phdn céng cha tri dé thdm
tra; Tiép thu, gidi trinh y kién thdm tra va chinh
ly hé so du dn Bé ludt. Thdng 7/2026, Chinh phi
trinh Uy ban Thudng vu Quéc héi, Quéc héi hé
sodu dn Bé ludt. Tirthdng 8 dén thdng 10/2026:
Nghién citu tiép thu, giai trinh y kién Dai biéu
Quéc héi, cdc co quan cia Quéc héi va chinh Iy
hé so du dn B6 ludt. Thdng 10/2026, trinh Quéc
héi xem xét, théng qua.

trién mang ludi cdng theo hudng két ndi chuéi logistics va
van tai da phuong thuc. Trong do, chiic nang clia cang can
cing dugc dé xuat ma rong tir cac hoat dong tac nghiép
container daon thuan sang chiic nang clia mot trung tam
logistics va diém két ndi van tai da phuong thuc.

Dac biét, mét trong nhing chinh sach dugc dé xuat mdi
dang chi y la thé ché hoa yéu ciu chuyén déi xanh va cac cam
két qudc té. Trong do, bd sung mot hé théng quy dinh méi lién
quan téi giam phat thai khi nha kinh, st dung nhién liéu thay
thé. Trong d9, viéc b sung va luat héa nhirng thudt nglr mai vé
cang xanh, cang thong minh va nhién liéu thay thé gitp théng
nhét cach hiéu, tao nén tang dé xay dung tiéu chuén, quy chuan
ky thuat, co ché uu dai va cac chinh sach hé trg lién quan, dac
biét trong phat trién ha tang, doi tau va céng nghiép phu trg.

Déng thaoi, dap ing yéu cau héi nhap va thuc hién cac
cam két va diéu udc quoc té khi cac nodi dung lién quan dén
gidm phat thai khi nha kinh, s& dung nang lugng sach, dién
bd, nhién liéu thay thé... déu la yéu cau bat budc trong cac
diéu udc quéc té, cling bao dam tinh dinh huéng va lau dai
cla hé théng phap luat.
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TU CHINH SACH

sengHongtrengkhong gian HaNoimgi

. KTS PHAM THANH TUNG"

Cau chuyen vé song Hong trong Quy hoach Ha Noi xuyén thé ky knong chi la cau
chuyén ky thuat vé moi truong, vé phong chong lU... ma do con Ia chuyen cua ban
Sac, cua van hoa, van minh va ca tam linh chutia dung trong séng Me vi dai. Viéc dua
song Hong tra lai vi tri trung tam - nhu mot thuc thé song - sé la chia khoa de giadi
quyét dong thai ba bai toan: moi truong, khong gian va ban sac do thi.

Ngan nam qua, séng Hong ludn dugc vi nhu “mach mau” va
truc xuong s6ng trong lich st hinh thanh Thang Long - Ha Noi.
Trong cac ban quy hoach tu thai Phap thuéc dén Quy hoach Thi
d6 thai ky 2021 - 2030 tdm nhin 2050, hay Quy hoach tam nhin
2065 va dac biét nay la Quy hoach t6ng thé Thu do Ha Noi tam
nhin 100 nam, vai trd ctia séng Héng da c6 su chuyén dich manh
mé tUr mét “vung bién” phia sau thanh phé tré thanh truc canh
quan trung tam hoi tu cac gia tri di san van hoa lich st va hién
dai, la khéng gian cong cong khéng 16 véi cac cong vién, quang
trudng va khu vui chai gidi tri, gitip diéu hoa khi hau va tao ra ban
sac riéng cho do thi Ha Noi trong ky nguyén phét tri€én mai.

Pay la co hdi dé chung ta tra lai vi thé vi dai clia séng Hong,
dong séng Me linh thiéng da ngan van nam can man ché phu
sa boi dap tao nén viing déng bang chau thé Bic B6, céi ndi clia
nén van minh lta nudc, van minh séng Hong, noi khai ngudn cla
16i séng dinh canh, dinh cu tao nén Lang Viét va van héa Lang
truyén théng, noi nudi duéng nén van hoa Viét Nam.

La co hoi dé Ha Néi téi cau truc lai khdng gian do thi déi bo
song Hong, don dep nhiing “thi rac kién trac” 16n xon, nhéch
nhac ton tai tir nhiéu thap nién ngoai bai séng, ven séng lam
xau canh quan d6 thi, lam can tré dong chay, lam 6 nhiém song
Hoéng va su phat trién clia Thanh phé.

Vi tu tudng chd dao clia D6 an Quy hoach téng thé Tha do
Ha Noi tam nhin 100 nam (Quy hoach) vira dugc HDND Thanh
phé thédng qua, Ha Noi sé phét trién 6n dinh theo khéng gian
phat trién mé& va déng vdi cau trdc do thi “da tang, da l6p, da cuc,
da trung tdm”, va Truc dai 16 canh quan séng Hong khdng chidon
thuan la mét tuyén dudng giao thong, ma dugc dinh vila “Truc di
san, truc canh quan va dong luc phat trién” quan trong nhat trong
cdu truc khdng gian ctia Tha dé Ha Noi vai tam nhin xuyén thé ky.

Véi viéc xac dinh séng Hong la truc canh quan chi dao gidp
Ha Noi thoat khoi mé hinh “vét dau loang” don cuc, chuyén sang
mo hinh d6 thi da cuc, hién dai, xanh va bén viing. Va nhu thé,
s6ng HOong khong chi la 14 phédi xanh, khdng gian thich ting sinh
® Chanh Van phong Trung wong Hoi KTS Viét Nam
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thai cla Thanh phd, ma co cac vai tro chién lugc dugc xac dinh
d6 la: trg thanh Truc trung tam hoi tu ctia “Thanh phd hai bén
s6ng”, trung tam clia cau trdc do thi déi xting, ldy dong séng lam

“mattién”. Truc canh quan nay két nGi khu vuc n6i dé lich st (Hoan
Kiém, Ba Binh...) véi cac trung tam méi & phia Bac (P6ng Anh, Mé
Linh). Dai 16 ven song sé lién két cac do thi vé tinh va cac tinh lan
can, tao thanh mét dai hanh lang kinh té - dé thi xuyén su6t.

DPay con la hanh lang di san va van héa ngan nam, bai n6 két
n6i cac diém di san nhu dinh chiia, cac di tich lich sti; cac lang
nghé truyén théng doc hai b& song, tao ra cac khong gian I hoi
van héa va du lich tam linh. Cuing véi d6, cac cong trinh kién triic
hién dai, nha hat, trung tam trién lam, cong vién sinh thai... sé
dugc bo tri doc dai 16 nay, tao nén hinh anh mét Tha d6 nang
déng, sang tao, hién dai nhung van gitt dugc ban sac van hda. Va
cudi cling, Truc dai |6 canh quan séng Hong phai la dong luc phat
trién kinh té dich vu va du lich, véi cac trung tam tai chinh, thuong
mai va dich vu cao cap ven song; kich hoat gid tri kinh t€ ctia dat
dai va mat nudc bién séng Hong thanh con dudng du lich quéc
té&, két nGi Ha Noi v6i cac viung di san phia ha luu va thugng luu.

Thé nhung, day la quyét tam, y chi dat ra trong Quy hoach,
con dé bién dong sdng HONg trd thanh Truc dai 16 canh quan -
van héa véi nhiing hinh anh kién trdc, canh quan, khéng gian
vui choi giai tri hién dai, lung linh, day sac mau dugc tao ra bdi
cdng nghé sé thi lai la cu chuyén khac, doi héi nhiing giai phap
thiét thuc, cu thé véi tu tudng “thudn thién”, “Idy con ngudi lam
trung tam” dua trén cac cd s& khoa hoc vé cau tric dia tang, dia
mao, thlly van, luu lugng dong chay phtc tap ctia séng Hong va
cdng dong cu dan déng duc ven sdng, ngoai bai...

Viéc “danh thic” séng Hong khong hé don gian do nhiing
dac thu vé tu nhién va lich str dinh cu.

Tri thay va an toan thodat 10. Pay la van dé uu tién sé mot.
S6ng Hong 6 ché dé thay van phc tap. Viéc xay dung bat ci
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cong trinh nao & bai song cling phai tuan tha nghiém ngat Quy
hoach phong chéng IG; Phai dam bao khéng gian thodt 10 an
toan tuyét ddi cho ndi dé khi c6 bién d6i khi hau cuc doan, ddng
thai van khai thac dugc quy dat bai song.

Bién d&i dong chay va sat18. Trong nhirng nam gan day, muc
nuéc song Hong xudng thap ky luc vao mua kho, gay khé khan
cho canh téc va giao théng thay. Su thay d6i dong chay cling
dan dén nguy co sat |6 b& s6ng tai nhiéu khu vuc, de doa cac
khu dan cu hién hitu.

Qudn ly dan cu va trat tu xay dung béi séng. Hién trang dan cu
sinh séng tai cac khu vuc ngoai dé (nhu Phic Tan, Chuong Duong,
Phic Xa..) rat day dac va phtic tap vé mat phap ly, vi thé can c6 giai
phap cu thé dé tai thiét dé thi, di d&i hodc chinh trang cac khu dan
cu nay dam bao sinh k& cho ngudi dan ma van tao ra khéng gian
cOng cong thong thoang la mét bai toan xa hoi nan giai.

O nhiém méi trudng va hé sinh thai. Viéc xdy dung, khai thac
cat bua bai, xa rac, nudc thai chua qua xt ly tur cac khu dan cu'va
lang nghé ven séng ton tai hang thap nién qua da anh hudng
nghiém trong dén hé sinh thai séng Hong, vi thé phuc héi hé
sinh thai séng HoNg, tra lai moi trudng nudc sach, dam bao an
ninh nguén nudc va cac bai boi tu nhién la diéu kién tién quyét
dé xay dung mot “thanh phé xanh” ding nghia.

Day la nhimng van dé rat quan trong, tac déng dén viéc thuc
hién thanh cong Truc dai lé6 cdnh quan séng Hong nhu Quy hoach
da dé ra. Cau chuyén séng Hong ciing la cau chuyén “Quyén
dugc chay” clia sébng ma nhiéu nudc trén thé gisi khai xudng tir
thap nién 70 ctia thé ky 20 trén nén tang tu tudng quan trong ctia
Christopher Stone (My), véi bai viét ndi ti€ng nam 1972 “Should
Trees Have Standing?” dat van dé rang thién nhién (cay, séng, hé
sinh thai) c6 thé c6 quyén phap ly. Trong béi cdnh khiing hoang
moi trudng toan cau gia tang (6 nhiém nudc, dap thuy dién xay
tran lan, bién d6i khi hau lam suy kiét hé sinh thai séng), thi cach
tiép can truyén théng coi séng la “tai san” dé khai thac, khéng co
tu cach phép ly doc lap da trd nén 16i thoi. Su tréi day cda tu duy
mGi trong ludt hoc da cho rang thién nhién khéng chi la déi tugng
quan ly, ma con 1a “chd thé c6 quyén”. Va thé, dén dau thé ky 21
bung né phong trao “Quyén clia cac dong séng” (Rights of Rivers)
VGi cac nudce tién phong nhu: Ecuador trg thanh quéc gia dau
tién dua quyén cla thién nhién trong dé c6 séng vao Hién phap
(2008); New Zealand cong nhan song Whanganui River la phap
nhan (2017); Séng Atrato River dugc Toa an Hién phap Colombia
bao vé nhu mot thuc thé c6 quyén (2016 - 2019). TU phong trao
nay, nam 2010 mang ludi toan cau “Quyén cla thién nhién”,
bao gdbm ca nhiing dong séng (Global Alliance for the Rights of
Nature) da ra doi. Va Lién Hgp Qudc da chon ngay Chi nhat cudi
clng cia thang 9 hang nam la Ngay Séng ngoi Thé gisi (World
Rivers Day). Nhdc qua nhu vy dé thay, viéc xay dung Truc canh
quan séng Hong khéng chi la yéu t6 ky thuat ciia quy hoach, ma
hon tat ca 1 lién quan dén hé sinh thai séng Hong. Ap dung tu
duy “quyén clia cac dong soéng” vao hé théng séng Hong - séng
DBa khoéng chila mét cau chuyén phap ly, ma thuc chat la mot cach
tai cau tric tu duy quy hoach d6 thi - viing theo huéng sinh thai,
da trung tdm va bén viing dai han.

Séng la hé sinh thai séng (Living system) c6 “quyén” dugc
chay tu nhién, duy tri phu sa, da dang sinh hoc; La truc cau tric

khéng gian chui khéng chi la yéu t6 ky thuat. Diéu nay dac biét
quan trong vai Ha Noi - nai séng Hong via la truc lich st - van
héa Thang Long, vira la rdi ro thién tai lén nhat. Séng Hong - séng
Cai khong chi la mot dong chay vat ly, ma con la linh hon ctia Ha
Noi. Gidi quyét dugc bai toan séng Héng chinh la chia khoa dé
dua Ha Noi trg thanh mét d6 thi tdm c& quéc té. Hién nay, song
Hong dang c6 nhiing xung dét hién hitu, doi héi phai co su thay
d6i vé tu duy quan tri. Hé théng dé diéu huing vi dugc xay dap
tU hang tram nam bao vé trung tam Ha thanh trudc cac tran 10
lich stt, nhung cting lam han ché khéng gian thoat It séng Hong;
Khong gian bai béi bi Ian chiém, lam suy gidm da dang sinh hog;
Khai thac cét bira bai ¢6 tinh tan dung, hé théng thay dién I6n
dugcxay dung tai phia thugng nguén séng Hong thiéu kiém soét
dan dén lugng phu sa bi giam manh, gay sat I& ngay cang nghiém
trong; DO thi hoa bai song dan dén ap luc xay dung tai bai séng,
ven song, bai gita lam tang nguy co pha vé “khong gian tha” clia
dong séng va can trg dong chay. Séng bi chia cat theo dia gidi
hanh chinh va nganh (néng nghiép, xay dung, tai nguyén), thiéu
mot ca ché quan tri tich hgp theo luu vuc.

Vi thé, dé Truc dai 16 cdnh quan séng Hong trd thanh hién
thuc, rat can giai quyét nhiing van dé co ban sau:

1. Thiét lap “hanh lang quyén ctia séng”: Xac dinh viing khong
gian t6i thi€u dé séng tran 10 tu nhién, tai tao phu sa, duy tri hé
sinh thai. Pay la budc tuong tu cadch song Whanganui River dugc
New Zealand bao vé toan dién theo luu vuc.

2.Quy hoach da |6p: “Séng - bai - 6 thi” véi LSp 1: Long séng
(dong chay chinh); Lép 2: Bai song (khong gian linh hoat, ngap
theo mua); va L&p 3: D6 thi (phét trién kiém soat). Day chinh la
céch tiép can phu hop véi tu duy “da I6p - da tang” trong Quy
hoach Ha Nai.

3. Chuyén tU “chéng |0” sang “séng chung véi 0" Thiét ké
cong vién ngap nudc, khéng gian cong céng linh hoat theo
mua va ha tang “mém” thay vi bé téng héa toan bo. Mé& réng
khdi niém hanh lang sinh thai - van héa - cdnh quan, véi vung |6i
(khéng xay dung), viing chuyén tiép (khéng gian linh hoat) va
vlng phat trién do thi c6 kiém soat.

Néu dugc nhuvay, song Hong sé tré thanh truc két ndi cac cuc
phét trién hai bén séng, khéng con 1a “ranh gidi chia cét”. Tang
kha nang chdéng chiu bién déi khi hau, hap thu 10 tu nhién, gidm
phu thudc cong trinh dé ciing. Khéi phuc ban sac Thang Long
vén la dé thi “bén séng” thay vi “quay lung ra séng” nhu hién nay.

Cau chuyén vé sdng Hong trong Quy hoach Ha Noi xuyén
thé ky khéng chi la cau chuyén ky thuat vé moéi trudng, vé
phong chéng lG... ma do con la chuyén cda ban sac, cla van
héa, van minh va ca tam linh chira dung trong séng Me vi dai.
Viéc dua séng Hong trd lai vi tri trung tam - nhu mot thuc thé
s8ng - sé la chia khoa dé gidi quyét déng thoi ba bai toan: moi
truong, khéng gian va ban sac dé thi.

Va cudi cung, sdéng Héng chinh la yéu t6 quan trong trong
dinh hinh va cau trdc lai khéng gian dé thi Ha Néi tdm nhin 100
nam dé Ha Noi trg thanh Thanh phd “Van hién - Van minh- Hién
dai - Hanh phuc”, nhu Nghi quyét 02 ctia B Chinh tri vé "Xay dung
va phat trién Tha dd Ha Noi trong ky nguyén mai" da chi ré.
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TU CHINH SACH DEN cUOC SONG
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TS.KTS TRAN THI LAN ANH"

MO hinh do thi thé hé maoi khong chi la hudng di tat yéu ma con la co hoi chién luoc
dé Viet Nam chuyén déi cac vung do thi lén thanh nhing siéu do thi thé hé mai, co
kha nang canh tranh va co hé sinh thai nang dong, bén viing va chéng chiu cao.

rong boi canh toan cau hién nay dang ching kién

nhing bién dong I6n vé dia kinh t€, dia chinh tri, céng

nghé va khi hau, mé hinh d6 thi truyén théng béc 16

nhiéu han ché, dac biét tai cac do thi 16n - nai dugc
coi la “dau tau canh tranh” cia qudc gia. Cac dé thi phat trién
theo m6 hinh “mét trung tam chinh tap trung” dan dén qua
tai ha tang, un tac giao théng, & nhiém khéng khi, chi phi van
hanh cao va chit lugng séng thap. Ha tang ci va cong nghé
han ché lam gidm kha nang chéng chiu khi hau, gia tang rui
ro thién tai, anh hudng dén san xuat, dich vu va suc hat dau
tu. Phan 16n cac d6 thi chau A van phu thudc vao xe ca nhan
chay xang, hé théng dién tap trung, ty Ié nang lugng tai tao
thap, quan ly theo cach truyén théng, thi€u di liéu va céng
nghé s6, dan dén hiéu qua quan tri thap va kho dap tng yéu
cau canh tranh trong xu thé kinh t& xanh toan cau.

Bai viét nay téng hgp cac nghién cru vé mé hinh dé thi
thé& hé mdi trén thé gidi, déc biét tai chau A (30 d6 thi 16n giai
doan 2015 - 2023), dé dé xuat mo hinh dp dung cho Viét Nam.
Phan tich cac trudng hop dién hinh cho thay: Singapore vdi
chién lugc “Smart Nation” da s& héa hon 95% dich vu cong,
giup gidm tiéu thu nang luong khodng 20%; Tokyo sau tham
hoa 2011 phét trién han 100 hé thdng micro-grid nang cao
kha nang chéng chiu nang luong; Copenhagen gidm phat
thai han 70% so va&i ndm 1995; Tham Quyén va Seoul trién
khai dién héa giao thong cong cdng va ung dung loT giam
sat ha tang. TU d6, bai viét dé xudt mé hinh d6 thi thé hé mdi
vdi ba tru cot: nang luong phan tan, ing dung cong nghé sé
va quan tri linh hoat, c6 thé trién khai trudc tién tai vung Tha
d6 Ha No6i va vung TPHCM, sau d6 ma réng ra cac do thi truc
thuéc Trung uong khac nhu Hué, Ba Nang, Hai Phong, Can
Tho va hé théng d6 thi truc thudc cac tinh.

) Nguyén Phé cuc truéng Cuc Phdt trién dé thi (B¢ Xdy dung)
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1.DAT VAN DE

Trong nhiing nam gan day, cac cl soc toan cau da lam thay
d6i can ban cach thic van hanh cta hé théng d6 thi. Khiing
hodng nang lugng giai doan 2020-2022 da khién gia nang
lugng tai nhiéu khu vuc tang gap 2-3 lan va nhiéu hon, qua doé
bdc 16 su phu thudc 16n clia d6 thi vao hé théng cung ting tap
trung [5]. POng thdi, bién ddi khi hau lam gia tang tan suat va
cudng dé thién tai, vai thiét hai kinh té€ toan cau udc tinh vuot
300 ty USD m6i nam [15]. Cac d6 thi - noi tap trung hon 55%
dan sé thé gidi - trd thanh khu vuc chiu tac ddng manh va quy
mo 1én cac thiét hai rdi ro [1][2]. Nhiéu qudc gia da budc phai
chuyén d&i mé hinh phét trién dé thi, dién hinh nhu Singapore
vGi chién lugc “Smart Nation” [12], Tokyo véi hé théng “micro-
grid” sau thdm hoa nam 2011 [5], hay Copenhagen v&i mé hinh
d6 thi xanh gidm phat thai hon 70% so v&i nam 1995 [11].

Tai Viét Nam, qua trinh d6 thi héa dién ra nhanh chéng véi
ty lé dat khodng 42% nam 2023, khodng 44% nam 2025 va
du kién dat trén 50% vao nam 2030 [7][10]. Tuy nhién, su phat
trién nay chua di kém véi mé hinh ha tang va quén tri phu hgp.
Hé thong nang lugng van phu thudc chu yéu vao nguén tap
trung, giao thong do6 thi gay phat thai I6n, di liéu con chua
dugc hinh thanh déng bé va quén tri con phan tan [6][8]. Trong
b6i cdnh do, viéc chuyén déi sang mé hinh “d6 thi thé hé mai
hay siéu d6 thi thé hé mai” khong chila xu huéng toan cau ma
con la yéu cau tat yéu daéi véi Viet Nam. Day la moé hinh phat
trién hudng téi dé thi tich hap gilta hé théng micro-grid, cdng
nghé sé va quan tri linh hoat, nham nang cao kha nang chéng
chiu va phat trién bén virng [3][41[9].

2. KINH NGHIEM QUOC TE

Kinh nghiém quéc té€ cung cap nhiéu bai hoc quan trong.
Singapore la mot trong nhiing qudc gia tién phong trong viéc
xay dung dbé thi dua trén d liéu, véi hon 95% dich vu cdng
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truc tuyén va muc gidm tiéu thu nang lugng khoang 20%
[12]. Tokyo, sau thadm hoa ndm 2011, da phat trién hon 100 hé
théng micro-grid va nang cao dang ké kha ning chéng chiu
[5]. Copenhagen la hinh mau vé dé thi xanh véi muc gidm phat
thai hon 70% so v&i nam 1995 [11]. Tham Quyén cho thay vai
trd cla chinh sach trong chuyén déi giao théng, khi dién hoa
hoan toan hé théng xe buyt cdng cong [14]. Seoul cling chiing
minh rang viéc ap dung loT giam sat ha tang gilp giam Un tac
va nang cao kha nang du bao rui ro [12].

Qua cac bdo cédo ctia IEA (2022), UN-Habitat (2022), World
Bank (2021) va OECD (2020), dit liéu téng hgp tir 30 d6 thi chau
A cho thdy cac d6 thi dat muc chéng chiu cao déu déng thdi
€6 ty lé nang lugng phan tan 16n, muc d6 s6 héa do thi cao
va cd ché quan tri linh hoat, lién nganh [11[2][5][10][11]. Cu thé,
nhiing d6 thi nhu Tokyo va Singapore duy tri hon 30 - 40%
nang lugng ti micro-grid va nang lugng tai tao tai cho, két
hap véi hé théng dit liéu giao thong va nang luong theo thai
gian thuc, giup gidm thiéu rdi ro gian doan va tang hiéu qua
van hanh. Tham Quyén va Seoul chiing minh rang viéc dién
héa giao théng cong cdng va ap dung loT giam sat ha tang
khéng chi gidm Un tac va phat thai ma con nang cao kha niang
du bao va phan ting nhanh trudc cac cd séc. Ngugc lai, cac do
thi phu thuéc vao nguén cung tap trung va thiéu nén tang dir
liu dong bo, nhu Jakarta hay Mumbai, dé bj gian doan nang
lugng va giao thoéng, déng thai hiéu qua quan tri thap hon.

Tham Quyén la mét trong nhimng dé thi dién hinh vé
chuyén déi tr mé hinh truyén théng sang dé thi thé hé mdi,
vdi nhiéu bai hoc cu thé cho Viét Nam [14]. Tham Quyén tap
trung: (i) Phét trién nang lugng va giao thédng xanh: 100% xe
buyt va taxi chay dién, gidam manh khi thai va & nhiém; (i) Hé
théng tram sac phan tan: xay dung hang chuc nghin tram sac
dién khap thanh phg; (iii) D6 thi thong minh dua trén di liéu:
trung tam diéu hanh s6 héa, ting dung Al va loT; (iv) Quy hoach
da cuc - da trung tam: Nanshan (céng nghé), Futian (tai chinh),
Qianhai (dich vu qudc té); (v) Hé sinh thai d6i mdi sang tao:
khu c6ng nghé cao, hé trg manh mé khai nghiép va R&D; (vi)
Ha tang chéng chiu khi hau: hé théng thoat nudc ngam, cong
vién ngap nudc, quy hoach “séng chung vai nugc”,

Mot bai hoc khac dén tir thanh phé Nam Ninh “thanh phé
xanh cta Trung Quéc” véi hé théng 1.000 hé va cong vién,
cay xanh khi hau can nhiét dgi. Khéng gian xanh chiém ty lé
I6n trong quy hoach, gitp diéu hoa khi hau va nang cao chat
lugng s6ng. Nam Ninh trd thanh “thd phu xe dién” véi hon 4,8
triéu xe dién luu théng, gidi quyét hiéu qua bai toan sac pin va
dé xe, tao ra hé sinh thai giao théng xanh. Chinh quyén chu
trong quy hoach dai han, két hgp cong nghé dé quan ly giao
théng, ndng lugng va méi trudng, duy tri su hai hoa gilta phat
trién kinh t€ va bao tén sinh thai. Day la minh chiing cho viéc
két hap khéng gian xanh, giao théng dién va quan ly théng
minh dé xay dung do thi bén ving.

Kinh nghiém quéc té cung cap nhiéu bai hoc quan trong
cho viéc hinh thanh dé thi thé hé méi tai Viét Nam. Nhiing
kinh nghiém nay cho thdy xu hudng toan cau dang chuyén
dich manh mé sang mé hinh d6 thi tu cht va chéng chiu cao,
déng thdi cung cdp o s6 Iy ludn va thuc tién quan trong dé

Viét Nam tham khao trong qua trinh xay dung hé thong d6 thi
thé hé mai.

3.1. Duc rut kinh nghiém quéc té cho Viét Nam

TU kinh nghiém qudc té c6 thé rat ra 3 bai hoc téng quat
cho Viét Nam: Thit nhat, st dung hé théng micro-grid la nén
tang dé tang kha nang chéng chiu, dac biét tai cac d6 thi lén
trung tdm vung [5]. Thi hai, chuyén déi s6 va do thi théng
minh gilp t6i uu hda van hanh va nang cao kha nang du béo,
tur dé giam thiét hai khi xay ra cac ca s6¢ [11][12]. Thi ba, quan
tri linh hoat va lién nganh Ia yéu t6 quyét dinh dé cac chinh
sach va du an dé thi c6 thé thich tng kip thai véi cac thay ddi
kinh t&, méi trudng va xa hoi [10]. Cac bai hoc quéc té co thé
dugc chuyén héa thanh chién lugc cu thé cho tiing vung dé
thi Viét Nam, dam bao tinh kha thi va phu hgp véi béi canh
kinh té - chinh trj hién nay.

Vung Tha dé Ha Néi: la trung tam chinh tri - hanh chinh
va c6 mat dd dan sé cao, déng thai chiu ap luc tir @6 thi hda
nhanh va thién tai nhu IG quét, mua I6n va ngap lut d6 thi. Bai
hoc tur Tokyo va Singapore ggi y rang Ha Néi nén phat trién hé
théng nang lugng phan tan cho cac dé thi vé tinh [51[12], két
hap véi hé théng dit liéu giao thong va nang luong theo thai
gian thuc dé du doan nhu cau va diéu phéi nguén luc kip thai.
Viéc s6 héa cac dich vu céng va quan ly co s& ha tang théng
qua Al sé gilip nang cao hiéu qua van hanh [11], d6ng thai co
ché& quan tri lién nganh gitia cac sé, ban, nganh va dia phuang
sé tang kha nang phan tng nhanh véi cac ca séc [10].

Vung TPHCM: la trung tdm kinh té€ - thuong mai cda Viét
Nam, véi mat dé dan cu cao va ap luc giao théng Ién. Bai hoc
tu Tham Quyén va Seoul cho thay tam quan trong clia dién hoa
giao thong cdng cdng va tich hgp loT trong quan ly giao théng
[12][14]. TP.HCM c6 thé phat trién cac trung tdm déi mdi sang
tao, thir nghiém cac mo hinh xe dién va “Xe két néi ludi dién”
(Vehicle-to-Grid - V2G); dong thai trién khai hé théng dir liéu s6
hoa dé giam sat va t8i uu hda luu lugng giao théng, tiéu thu
nang lugng va phat thai khi CO,. Co ché quan tri linh hoat cho
phép diéu chinh chinh sach nang lugng va giao théng theo thai
gian thuc, gitip gidm rui ro tc nghén va gian doan dich vu [10].

Cac dé thi truc thudc Trung uang (Ba Nang, Hai Phong, Can
Tha): C6 quy md nhd han nhung la dau mai logistics, cang bién
va d6 thi sinh thai. Cu thé: Da Ndng: Ap dung mé hinh db thi
xanh, tich hgp nang lugng tai tao va ha tang sinh thai, xay dung
micro-grid tai khu céng nghiép va khu dan cu [11]. Hai Phong:
Phat trién hé théng chuédi cung Ung an toan, da dang nguén
nang lugng va khoang san chién lugc, két hop quan ly di liéu
dé t6i uu hda van hanh cadng va mang Iudi giao théng [10]. Can
Tho: Ap dung quy hoach sinh thai va nang lugng mét trdi néi
trén song, két hap quan tri dir liéu dé du bao muc nudc, han ché
rai ro 10 lut va cai thién chat lugng séng [9].

Dai véi cac do thi thudc tinh, viéc trién khai dong bo 3 tru cot
nang luong phan tan, cdng nghé sé va quan tri linh hoat la can
thiét. Tuy nhién, cach ti€p can phai linh hoat theo dac thu kinh
té&, dia ly va chuic nang d6 thi [71[8][9]: (i) Vung trung du va mién
nui phia Bac. Dac thu: C6 nhiéu clta khdu quéc té, 16i m& bién
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gidi, gdn véi mé hinh kinh té bién mau. Dinh hudng: Phat trién
hé théng nang lugng phan tan dua trén thay dién nho, dién mat
tr&i mai nha, két hop luu trir ndng lugng cong déng. Ung dung
loT va dit liéu s6 dé quan ly logistics bién mau, giam sat giao
théng clfa khau va du bao nhu cau nang lugng. Quan tri lién
nganh gitia thuong mai - hai quan - giao théng - nang lugng dé
dam bdo chudi cung tng én dinh, chéng chiu truéc bién déng
kinh t€ va khi hau; (i) Vung ven bién va hai ddo. Dic thu: Tap
trung nhiéu khu kinh t& m@, gan vdi chién lugc phat trién bién
va cang bién quéc gia. Dinh huéng: Phét trién dién gi6 ven bién,
dién mat tr&i néi va hé théng micro-grid tai cac khu kinh té,
cang bién. Ung dung cong nghé s6 d& quan ly logistics, giam sat
cang bién, va t6i uu héa van hanh chudi cung tng. Quan tri linh
hoat: Két néi chinh quyén dia phuang véi doanh nghiép cang
bién, khu cong nghiép va cdng déng dan cu; xay dung co ché
phan ting nhanh trudc thién tai (bao, nudc bién dang). Tich hop
ha tang sinh thai: riing ngap man, cdng vién ven bién, hanh lang
thoat nudc dé giam thiéu rdi ro ngap lut va bao vé maéi trudng.

Viéc thi diém cac mo hinh nay tai cac vung dé thi 16n va
vung dé thi thudc tinh sé gitp Viét Nam xay dung hé thong d6
thi thé hé mdi, vira dm bao phét trién bén viing, vita nang cao
kha nang chéng chiu trudc cac cu séc kinh t€, thién tai va bién
d6i khi hau [15].

3.2. Tinh kha thi dé€ hinh thanh hé théng d6é thi thé hé
mdi tai Viét Nam

Viét Nam hién c6 nhiéu diéu kién thuan Igi dé trién khai
m® hinh d6 thi thé hé mai. Téc d6 tang trudng kinh té 6n dinh,
mai trudng chinh tri vitng chac va cac cam két quéc té vé phat
trién bén viing la nhimng yéu t6 hd trg quan trong [11[2]. M6
hinh chinh quyén 2 cap cung véi cac quy dinh mai vé viéc hinh
thanh vung d6 thi truc thudc tinh va thanh phé truc thudc
Trung uong (gdm cac cum phudng, xa, thi tran) cho thay xu
huéng md rong pham vi dé thi va phat trién dé thi phan tan -
da cuc, da trung tam. Pay la diéu kién thuan lgi dé 4p dung mé
hinh ba tru cét: nang lugng phan tan, céng nghé sé va quan tri
linh hoat [5][10][11].

Tuy nhién, van ton tai nhimng thach thdc I16n: Thiéu khung
phép ly cho nang lugng phan tan: hién chua c6 quy dinh ré rang
vé micro-grid, cd ché mua bén dién truc ti€p (DPPA) va quyén
tu cht ndng lugng cdia cdng ddng [5]. Han ché vé ngudn vén:
dau tu cho ha tang s6, nang lugng tai tao va cong trinh chéng
chiu khi hau doi hoéi nguén luc tai chinh 6n, trong khi co ché tai
chinh xanh mai & giai doan khéi dau [7][9]. Thi€u nhan luc chat
luong cao: chuyén ddi s6 va quan tri d6 thi théng minh can doi
ngil chuyén gia cong nghé, dir liéu va quan ly lién nganh, nhung
ngudn nhan luc hién con han ché [11][12]. Quan tri dé thi con
yéu: su phéi hgp lién nganh va lién ving chua hiéu qua, dan dén
khé khan trong trién khai chinh sach déng bo [10]. Do d9, viéc
trién khai can duoc thuc hién theo 16 trinh tiing budc: Ngan han
(2025 - 2030): thi diém tai cac d6 thi I6n nhu Ha Néi va TPHCM,
tap trung vao nang lugng phan tan va trung tam diéu hanh dé
thi théng minh; Trung han (2030 - 2040): m& réng ra cac do thi
truc thudc Trung uang (Pa Nang, Hué Hai Phong, Can Tho), két
hop nang luong tai tao, quan tri di liéu va ha tang chéng chiu
khi hau; Dai han (2040 - 2050): nhan réng moé hinh cho cac do thi
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thudc tinh, hinh thanh mang luéi d6 thi thé hé mai toan quéc,
dam béo phat trién bén viing va nang cao kha nang chéng chiu
trudc bién déi khi hau [15].

3.3. Cac hoat déng can thuc hién

DPé& hinh thanh hé théng dé thi thé hé méi trén nén tang
nang lugng phan tan, céng nghé sé va quan tri linh hoat, Viét
Nam can trién khai déng b nhiéu hoat déng tir quy hoach, ha
tang, cong nghé dén chinh sach.

3.3.1. Quy hoach dé thi: (i) T6 chic khong gian dé thi phan
tan - xanh - thdng minh: Phat trién theo hudng da cuc - da trung
tam, khong tap trung toan bé vao mét khu trung tam duy nhat
(nhu ndi d6 lich s hién nay); Hinh thanh nhiéu trung tam chc
nang: tai chinh, cdng nghé, van héa, sinh thai, logistics phat trién
nham giam tai ha tdng, phan tan dan cuva hoat dong kinh t&€[10]
[12][14]; (ii) Khong gian xanh va hanh lang sinh thai: Quy hoach
cdng vién, hé diéu hoa, hanh lang ven séng dé vira 1a khéng
gian cdng cong, viia chéng ngap va diéu hoa khi hau. Tich hop
mé hinh “cdng vién ngap nuéc” nhu Rotterdam dé két hap gidi
tri va chéng chiu khi hau [11]; (iii) Két néi giao théng cong cong
va nang luogng phan tan: Quy hoach hé théng giao théng cong
cdng bang dudng sat téc d6 cao (can nhac yéu t6 kinh té€) hoac
xe buyt dién gan vaéi cac trung tam mdi; Tich hgp tram sac xe
dién va hé théng nang lugng phan tan ngay trong khéng gian
dé thi [51[14]; (iii) Phan tan dich vu thiét yéu: Quy hoach cac trung
tam dr liéu, bénh vién, truéng hoc, tram nang lugng phan tan
dé tang kha nang chéng chiu khi cé su ¢é [11][12];

3.3.2. Quy hoach str dung ddt: gianh quy dét nhiéu hon cho
ndng lugng tdi tao: Quy hoach dién tich mai nha, khu dat ven
dé cho dién mat trdi; Dat ven bién cho dién gio, dat mién nui
cho thay dién nhé (khong tran lan); Tich hgp dat céng nghiép
vGi ha tang nang lugng phan tan [51[7]; (v) Quy hoach dat cho
khéng gian xanh - chdng chiu: Ty 1é dat danh cho cong vién, ho
diéu hoa, hanh lang thoat nudc phai dugc quy dinh r6 trong
quy hoach; Uu tién dat ven séng, ven bién cho gidi phap sinh
thai (ritng ngdp man, cdng vién ngap nudc) [9][15]; (vi). Danh dat
phat trién cac trung tdm dii liéu, tram loT, trung tdm diéu hanh
d6 thi théng minh. Dam bao ha tang s6 gan lién véi ha tang vat
chat [11][12]; (vii) D4t cho phét trién da chuc nang: Két hop dat
& - thuong mai - dich vu trong cling khu vuc d€ gidm nhu cau di
chuyén; Tang hiéu qua st dung dat, tao ra “khu dé thi tich hop”
chtic nang [10]. Nhu vay, cong tac quy hoach can té chiic khong
gian do thi theo huéng phan tan - xanh - théng minh, déng thai
quy hoach st dung dat gan véi nang lugng téi tao, ha tang s6
va chdng chiu khi hau. Pay la nén tang dé do thi Viét Nam phat
trién bén viing thai ky méi hay thé hé méi.

3.4. Cac giai phap chinh sach va quan tri

Dé& dam béo tinh kha thi trong viéc hinh thanh hé théng dé
thi thé hé mdi tai Viét Nam, can trién khai déng bo céac gidi phap
chinh sach va quan tri.

3.4.1. Hoan thién thé ché va chinh sdch: (i) D6i véi khung phap
ly: xay dung co ché mua ban dién truc ti€p, quy dinh quyén ty
chti ndng lugng clia cdng déng va chudn hoa tiéu chi ky thuat
cho micro-grid [5]; (i) Pau tu ha tang dit liéu va dé thi théng
minh: phét trién trung tdm dir liéu, hé théng loT, nén tang Al va
Big Data dé quan ly do thi theo thai gian thuc [111[12]; (ii) Quy
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hoach d6 thi da trung tam gan vdi giao thong cong cong: gidm
tai ha tang, phan tan dan cu va tang kha nang chéng chiu [10]
[14]; (iv) Thaic ddy hgp tac cong - tu va thu hat dau tu qudc té: xay
dung co ché tai chinh xanh, uu dai thué cho doanh nghiép dau
tu nang lugng tai tao va ha tang sé [71[9].

3.4.2. M6 hinh quan tri dé thi thé hé méi: Khac véi quan tri do
thi truyén théng tap trung, mé hinh mdéi nhan manh tinh linh
hoat, lién nganh va tham gia da bén, nham dam bao d6 thi via
phét trién bén viing, viia c6 kha nang phan ting nhanh véi cac
€U séc kinh té€, thién tai va xa héi [3][41[10]. Bac trung chinh: (i)
Quan tri dir liéu va théng tin theo thdi gian thuc: st dung loT,
Big Data va Al dé thu thap, phan tich va du bao nhu cdu nang
lugng, giao théng, chat lugng khéng khi va nudac [12][14]; (ii)
Quan tri linh hoat va lién nganh: két néi cac cg quan quan ly
dé thi, s& nganh, doanh nghiép va cdng déng dan cu; ap dung
cd ché thdr nghiém chinh sach dé trién khai thi diém [10]; (iii)
Tham gia da bén va minh bach: khuyén khich sy tham gia cta
t8 chuic phi chinh phd, doanh nghiép tu nhan, vién nghién cdu
va cdng déng dan cu; nang cao niém tin xa hai [9]; (iv) Quan tri
dua trén két qua va chi s6 danh gia kha nang chéng chiu (Urban
Resilience Index-URI), ty |é nang lugng phan tan, muc d6 sé hda
dé thi, chi s6 chéng chiu thién tai [8][11].

3.4.3. Ung dung tai Viét Nam: Ha Néi: xay dung trung tam
diéu phéi di liéu d thi, két néi cac diém nang luogng phan
tan (micro-grid) tai cac dé thi truc thudc, phéi hop lién nganh
gilra S&, dac biét déi véi S& Xay dung va S& Cong Thuong [5]
[12]. TPHCM: Ap dung hé théng quan tri dii liéu giao théng va
nang lugng, thi diém xe dién céng cdng va phuong tién két
néi lugi dién (Vehicle-to-Grid -V2G), tang cudng co ché tham
gia da bén [14]. Da Nang, Hué, Hai Phong, Can Tho: Sir dung
mo hinh quan tri dua trén két qua, giam sat ha tang sinh thai
va logistics, xdy dung cd ché phan (ing nhanh trudc thién tai
va su ¢ chudi cung tng [11][15].

3.4.4. Phén cdp quan tri

Cap Trung uong: xay dung chinh sach va khung phap ly dé
thi théng minh, nang lugng phan tan va chéng chiu [7].

Cap tinh (UBND tinh/thanh phé truc thudc Trung uong):
UBND tinh hoach dinh chién lugc, quy hoach, chuang trinh.
Diéu phéi quy hoach cap tinh, quy hoach chung d6 thj truc
thudc, dau tu ha tang trong diém két néi dé thi - néng thén,
khu cong nghiép, cdng bién, ha tang logistics [10]. Pau tu ha
tang chién lugc: trung tam dir liéu, micro-grid, hé théng giao
thong dién héa [11]. H6 trg tai chinh va co ché uu dai: thanh lap
quy phat trién dé thi théng minh, uu dai thué cho du an nang
lugng tdi tao [9].

Cép xa/phudng (UBND xa, phudng): Trién khai du an nang
lugng phan tan va micro-grid tai dia phuong [5]. Van hanh
hé théng dir liéu cap x4, dir liéu tur Internet van vat (loT), du
bao cac nhu cau dién, giao théng, nudc sach va moi trudng
[11]. Thuc thi chinh séch linh hoat theo tinh hinh thuc té, thir
nghiém co ché méi vé quan ly nang lugng va giao thong dién
hoa [12]. Thuc day tham gia cong dong: khuyén khich ho gia
dinh, doanh nghiép dia phuong tham gia quan ly nang lugng,
st dung xe dién, tiét kiém nang lugng [9].

UBND cép tinh ban hanh co ché phéi hop hai chiéu dam

bao thuc thi chinh sach tur trén xuéng, di liéu va dé xuat tu
dudi lén [8][10].

M6 hinh dé thi thé hé mai khéng chila hudng di tat yéu ma
con 1a co héi chién lugc dé Viét Nam chuyén déi cac vung dé
thi I16n thanh nhing siéu d6 thi thé hé méi c6 kha nang canh
tranh va c6 hé sinh thai nang dong, bén viing va chéng chiu
cao. Khi dugc trién khai dong bd véi 3 tru cot chinh: nang lugng
phan tan, cdng nghé sé va quan tri linh hoat, mé hinh nay sé
gilip cac dd thi trong diém nhu Ha Noi, TPHCM va cac db thi
truc thudc Trung uong nang cao kha nang tu chi, du bao rui
ro va phan ting nhanh trudc cac ci soc kinh t€, thién tai va bién
déi khi hau [5][10][11][12][15]. Pbng thdi, viéc ap dung cac gidi
phap nang lugng tai tao, giao thong dién héa va ha tang di
liéu théng minh sé gép phan giam phat thai, t6i uu hoa tiéu thu
nang lugng va nang cao chat lugng séng cho ngudi dan [11][12]
[14]. D6 thi thé hé méi la hudng di kha quan, tao ra lgi thé canh
tranh quéc gia, thu hat dau tu, thuc ddy déi maéi sang tao va
phét trién kinh t& xanh cho Viét Nam [9][10].

Thanh céng trong trién khai mé hinh nay tai cac do thi
trong diém sé hinh thanh mét khudn mau hoc tap va nhan
rong cho cac viing d6 thi thudc tinh, gop phan xay dung Viét
Nam tr& thanh qudc gia tién phong vé phét trién d6 thi thong
minh, chéng chiu va phat trién bén virng trong khu vuc va trén
trudng quéc té [1][2][31[4]. Do do, viéc dinh hudng chinh séch,
hoan thién co ché phap ly, dau tu ha tang chién lugc va nang
cao nang luc quan tri dé thi la nhiing buéc di can thiét, cap
bach va kha thi. Day cling |a co hoi dé Viét Nam cht dong ndm
bat thach thiic va chuyén hoa thanh co hoi phat trién trong boi
canh toan cau day bién dong [71[81[15].
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TU phong trao “bo phoé vé vuon” téi mo
hinh "doé thi néng nghiép’, tang cuong
mang Iudi sinh thai tai Viet Nam

-
—

. _
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TS.KTS BUI DUY BUC"

nghiép ven d6, gay ra nhiing gian doan trong chudi

cung Ung thuc pham, trong su lién tuc sinh thai do
thi. Nhitng ap luc nay khéng chi gay dnh hudng méi trudng,
chéat lugng séng ma con thac ddy su hinh thanh cac tu tudng
“phan d6 thi” - nhu da xuat hién & cac thanh phé cong nghiép
My tir thé ky 19. Tai d6, cac phong trao “tré vé ndng thon” thé
hién phan tng ctia ngudi dan véi cac bat cap clia qua trinh
d6 thi hoa. Trong cac thanh phé 16n tai Viét Nam, trao luu “bo
phd vé vuan” néi lén ti nam 2018 nhu mot xu huéng “phan
dé thi kiéu mdi”. Chung téi mudn théng qua hién tugng dé
thi nay, dé dé cap tdi quan hé thanh phd - ndng thén va van
dé chat lugng sinh thai. Dac biét, trong béi canh nhiéu d6 thi
Viét Nam dang mong mudn dat dugc tiéu chudn “xanh” nhu
mot tiéu chi khang dinh chat lugng, liéu ndng nghiép db thi
c6 thé déng gop vao ha tang sinh thai ctia nhitng thanh phé
tuong lai khéng ?

umd& réng nhanh chéng tai cac thanh phé & Viét Nam
thdi gian qua da lam gidam manh dién tich dat nong

AP LUC LEN MOI TRUGNG VA PHONG TRAO PHAN
DO THI

Xuat phat diém ban dau, phan (ng “chéng dé thi” la thai
d6 nghi ngd, ph nhan gia tri cta doi séng thanh thi, déi lap
vGi ly tuédng néng thon. Né da xuat hién tur thoi Hy Lap, La
Ma c6 dai, manh 1én trong thai cdng nghiép, va ti€p tuc ton
tai trong thoi hién dai dusi nhiéu hinh thic nhu “ven dé thi
hod - suburbanization”, “phan tan dan cu”, hay “phé phan
siéu dé thi”. Tai cac thanh pho cong nghiép My, nhiéu phong
trao phan d6 thi tré6i ddy nham gidp ngudi dan thoat khoi
nhiing hinh anh chat lugng s6ng thap. Nhiing mé hinh dé thi
ly tudng, gan gui thién nhién cling ra doi tir d6. Jégou Anne -
nha d6 thi Phap, giai thich: “Viéc xay dung cac dudng cao téc
chinh, két hgp véi gidc ma ctia ngusi My vé nha & cé vuon,
da tao ra mot hinh thidc quy hoach &6 thi méi, dugc cho la c6

™ Co quan quy hoach va phdt trién viing dé thi Toulouse (Phdp)
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m&i quan hé chat ché hon vdi thién nhién”. Cac yéu té nhu
cong vién, vudn hoa cling tré nén quan trong nhu cac tién
nghi d6 thi khac. Do d6, viéc can bang méi quan hé thanh thi
- ndng thon la can thiét cho su phat trién va kién tao ra chat
lugng cudc séng dé thi mai. Tuy nhién, trong thai dai cong
nghiép, xu huéng “phan do thi” nay dugc phat déng trong
béi cadnh 6 td thdng tri va su phat trién 6 at clia co s& ha tang
dusng bd. Ching dugc coi la “phuong tién chay tron khoi
thanh phd”. Mat khac, trén thuc té, su phat trién clia nganh
céng nghiép 616 lai gay ra nhirng hau qua tiéu cuc nhat doi
v&i moi trudng.

Ngay nay, “phan doé thi” khong chi la thai d6 cla mot
nhém cu dan thanh thi ma con la dong tu tuéng anh hudng
dén van hoa dé thi trén toan thé gidi, va hudng téi su két ndi
d6 thi - nong thén nhiéu hon. Trong céc xu hudng “phan dé
thi ki€u méi”, ndéng nghiép doé thi dang déng gép vao viéc
mang “thién nhién tr& lai thanh pho” thay vi cac giai phap
thoat ly, han ché dé thi hoad. Nhing giai phap khong gian
trong trot lién két véi cdnh quan dang trg thanh yéu t6 can
thiét dé nang cao chat lugng cudc séng tai cac do thi hién
dai. Tai Los Angeles, phong trao “Urban Homesteading” xuat
hién tir dau thé ky 21. Trong d6, cac ho gia dinh cha déng
tan dung nhiing khong gian nhé nhu san sau, ban céng, mai
nha hodc |16 dat bé tréng dé trong rau, cdy an qua, nudi gia
cam nho. Ho tiing budc giam su phu thudc vao hé théng
tiéu ding cdng nghiép hoa. O Viét Nam, phong trao “bo phd
vé vudn” la moét hién tugng dé thi dang chid y, mac du c6
nhiéu y ki€n khéac nhau sau dai dich Covid-19. Ngugi tham gia
phong trao nay chi yéu la ngudi tré, gisi trung luu dé thi, c6
tich Iy, lam viéc tyu do, kinh doanh nho hodc lam online. Ho
¢ nhu cau séng cham, gan thién nhién, nuéi day con theo
I6i sinh thai & khu vuc ven d6, néng thén, nai co gia dat ré
hon. Phong trao nay thudng gén vai cac hinh thiic canh tac
vinh cliu (permaculture) hay néng nghiép tai tao dé tu chd
thuc pham mét phan va trdi nghiém 18i séng khac trong béi
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canh d6 thi qua tai va 6 nhiém. Hién tugng nay khéng phai la
chong lai thanh phé, ma la phan tng trudc dit gay gilra con
ngudi - thién nhién - thuc pham trong dé thi hién dai. Ngudi
dan thanh thi dang tim ki€ém mé hinh s6ng thay thé can bang
han gila sinh k& méi trudng va chat luong séng. Cac hién
tuong “b6 phé vé vudn” hay “Urban Homesteading” cé thé
dugc xem la nhiing hinh thic “phan dé thi mém”.

Trong mach tu duy vé chat lugng dé thi, van dé vé su
can bang da dugc nghién ctu tu “thanh phé vudn” cla
Ebenezer Howard, day dugc coi la mo hinh gan nhat véi
thanh pho bén viing. T6i nay, ly thuyét nay van git dugc gia
tri va déng vai trdo quan trong trong ly luan quy hoach dé
thi. Howard da anh huéng dén cach chung ta nhan thic dé
thi nhu mét hé sinh thai phuc tap, moét co thé séng va yéu
t6 “thién nhién trong thanh phé” da tré thanh nguyén tac
quan trong cho chat lugng clia cac thanh phé bén viing.
Cung nghién ctu vé cha dé nay, Nathalie Blanc cling nhén
manh vi tri ctia khéng gian xanh va quy hoach d6 thi xanh
trong viéc phuc hoi thién nhién. Thanh phé cang xanh va
cang c6 nhiéu khong gian xanh thi cuéc séng sé cang dé
chiu hon. Vi vay, trén toan thé gidi, s6 mét vuong khong
gian xanh trén méi ngudi dan 1a mot chi sé quan trong biéu
trung cho chat lugng cla cac dy an d6 thi. Theo hudng nay,
khong gian néng nghiép doé thi mac du la “phi tu nhién”,
nhung cé thé déng goép vao qua trinh phi xanh va tao ra
hinh anh gan gui véi thién nhién.

Tai nhiéu nai, cac khu vudn trong thanh phé dugc coi
la thanh t6 quan trong cla canh quan d6 thi. D6 la khéng
gian chuyén ti€p, ngi ching ta tim thdy méi lién két vdi thién
nhién duéi dang khoang xanh gitia phé phudng. Tir cadc vusn
cdng déng, vudn trén ban céng, san thugng, néng nghiép
d6 thi da mang “sac xanh” tr& lai cac thanh phé bé tong. Véi
thuong hiéu mang tinh biéu tugng nay, khéng gian néng
nghiép mot mat dugc coi la “cdng cu danh cho cac nha quy
hoach dé thi”, mat khac 1a phuong tién dé ngudi dan c6 thé
tham gia vao chién lugc phat trién thanh phé. Qua moét sé
vi du tiéu biéu, ching t6i mudn lam rdé xu huéng tich hop
khong gian néng nghiép vao két cau xanh va cac tac déng
t&i méi trudng, kinh té, xa hoi ctia thanh phé.

Detroit, Michigan, My la mét “phong thi nghiém séng”
cla dé thi néng nghiép & Bac My. Pay la vi du dién hinh cda
viéc dua canh tac tré lai 16i d6 thi hau cong nghiép. Noi day
da tirng dugc biét dén nhu mot trung tam thé gidi vé lap
rap 6 to, sau do thanh pho phai déi mat vai su suy giam dan
s6 khi cac nha may dong loat dong clra. TU ndm 1950 dén
nam 2004, mét nra dan s6 Detroit da roi khoi noi nay. Ban
dau, tai khu vuc Lafayette, ndng nghiép dé thi dugc ap dung
nham cung cap thuc phdm tuci cho cu dan dia phuang.
“Ngudi dan da bién khoang tram |6 dat thanh vudn va cac
“Raised beds” - luéng trong dugc xay cao trén nén dat do thi
6 nhiém c - tao khéng gian xanh cong cdng, don dep va cai
tao dat hoang d6 thi. Nhg lgi thé ctia minh, cac hoat dong
néng nghiép dugc tich hgp trong quy hoach phan viung

nham muc dich bao vé sutic khée, an toan cong déng. Sau
d6, mo hinh khéng gian néng nghiép nay dugc ngudi dan
phat trién trén khdp thanh phd. Cé uéc tinh khodng 1.300
dén 1.400 trang trai va vudn do thi trong va xung quanh
Detroit, trai dai tir cdc manh dat bé hoang dén vudn cong
déng clia cu dan dia phuong”. [theo EMILY BROAD LEIB,
2012] Tur d6, cac khu vudn coéng déng va cac chuong trinh
giao duc néng nghiép da dugc quang cdo réng rai nhu la
gidi phap dé héi sinh Detroit. Day 1a mét thuc nghiém xa
hoi - khéng gian dién hinh vé cach con ngudi c6 thé séng
khéc di trong béi canh khiing hoang dé thi.

Tai mot s6 thanh phé clia cdc quéc gia mdi ndi vung
Pong Nam A, cac hoat ddong ndng nghiép ciing dang dugc
16ng ghép sau sac vao cadnh quan dbé thi. D& tang dién tich
cay xanh trong thanh phd, Bangkok dang trién khai duy &n
“15-Minute Garden” - hé théng cac cong vién nho phan
bé trong cac khu dan cu va toa nha. Dy an gitp cho bat ky
nguci dan nao cling c6 mét mang xanh cach nha khoang
15 phut di bé. Muc tiéu la cai thién két cdu canh quan, giam
hiéu Ging dao nhiét, giup hap thu bui min, cac khi 6 nhiém,
giam ngap lut va gitr nuéc mua tai dia phuong. Hon 12 triéu
cu dan Bangkok dugc khuyén khich thi nghiém va lam viéc
trén cac khu vuon dé thi dusi dang khéng gian cong déng,
chiém 39% bé mat dé thi. C6 thé ké dén nhiing du an 16n
nhu trang trai d6 thi trén mai I6n nhat chau A - Thammasat
Urban Rooftop Farm - vé&i dién tich 22.000 m?, day la trang
trai trén mai 16n nhat chau A. N6 c6 kha ning gitr lai t6i 3
triéu gallon nudc mua, gitip gidm ngap lut dang ké. Nhiing
du én & quan Phasi Charoen ciing da gop phan phuc héi cac
khong gian xanh ven kénh nhu Kanchanaphisek Park va cac
“pocket park”. Hién quan nay cé nhiéu “15-minute parks”,
va du kién m& rong thém dé dam bao méi khu dan cu co
khéng gian xanh gan gdi. Thanh phé dit muc tiéu tang
khéng gian xanh 1én 10 m?/ngudi, trong dé ndng nghiép do
thi chiém ti trong uu tién.

Tai Tham Quyén, nci nén kinh té dang phat trién nhanh
chéng, ho da té chuic “cac cdng dong néng dan nhd” theo
cau truc cac ngdi lang co su dan xen gira cac hoat dong
néng nghiép va do6 thi. Viéc san xudt bén ving “néng
nghiép mai”, ap dung hé théng tu déng hoa va Al, dugc
dinh hinh trong chién lugc cta thanh phé. Dac biét, do nhu
ciu vé ca rat 16n nén hé théng aquaponics ciing rat phé
bién. M& hinh “canh déng nédi” - Floating Fields - mét hé
giadi phap néng nghiép d6 thi ndi trén mat nuéc. M6 hinh
nay dugc nghién ctu, thi nghiém va thao luan séi néi nhu
gidi phap cho cac van dé clla mot dé thi ven bién chiu ap
Iuc ngap lut, nudc bién dang va thiéu dat. VSi cdng nghé va
nang suat hién nay, Tham Quyén dang tim hiéu xuat khiu
rau “d6 thi” sang cac nudc Nam A. Pay la thanh c6ng quan
trong ctia mo hinh chién lugc nay. Ngoai ra, thanh phé ciing
di theo xu hudng gan két hoat déng néng nghiép véi dich
vu du lich, dich vu sinh thai. Qua d6, ching ta thdy mét cach
nghi mdi vé thanh phé khéng mang tinh “phi néng nghiép”
nhu nhiing dinh nghia truyén thong.

Tai Viét Nam, cac thanh phé nhu Ba Lat, TP.HCM, Ha Noi
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dang ching kién su quan tam ngay cang Ién dén viéc tich hop
ndng nghiép dé thi nham thic ddy phat trién bén viing. Cac
khu vudn dé thi, cong vién nhé va thiét ké dé thi cé cay xanh
dang dugc st dung nhu giai phap giam é nhiém, cai thién vi
khi hau va tdng chét luong séng cho cu dan. & nhitng khong
gian nho, su hién dién clia nong nghiép da khéng con xa la.
Gidi phap phé bién nhat |a st dung cac hop x8p dé canh tac
trén san thugng hoac & cac khu vuc cong cdng, qua doé dap
tng nhu cau rau sach ctia cac hé gia dinh. Ngoai ra, cdng viéc
nay con mang lai mau xanh cho khéng gian séng clia cong
déng. Tai Viét Nam, ta thdy mot tiém nang 16n cho viéc xay
dung mo hinh “d6 thi nébng nghiép”, huéng téi nhitng thanh
pho bén virng. Trong mo hinh nay, ndng nghiép khéng diing
lai & hoat dong kinh té&, xa héi ma trd nén “dé thi” hon, “than
thién” hon va tham gia truc ti€p vao cac mang khéng gian
xanh trong thanh phé.

DO THINONG NGHIEP VA QUY HOACH SINH THAI

Tr& lai linh vuc quy hoach d6 thi, & Phap c6 mét cong cu
“khung xanh va xanh lam” (La trame verte et bleue -TVB) la
mot khai niém nén tang dugc phat trién vao cudi nhirng nam
2000. N6 cho phép chuing ta thiét lap quy hoach trong khéng
gian cac hé sinh thai trén can va dudi nudc, nhu céng vién,
vuan, khéng gian céng cong va két néi nhirng khéng gian
nay v&i nhau. Tai Viét Nam, trong Luat Quy hoach d6 thi 2009,
“b6 khung xanh” nay dugc hiéu 1a cau tric cdnh quan cay
xanh, mat nudc dé thi, xuat hién dudi cac thuat ngl nhu: hé
théng khong gian xanh, mat nudc, hanh lang bao vé song,
sudi, dat sinh thai, dat néng nghiép, ha tang ky thuat thoat
nudc - phong chéng ngap. Nhu vay, vé tu duy, céng cu nay da
c6 nhung khung phap ly cdn phan manh.

Tai Phap, “Khung xanh va xanh lam” da dugc tich hgp
va quy dinh cu thé trong Bo luat Méi trudng va Bo luat Quy
hoach d6 thi. Khong dung lai & d6, cac nha khoa hoc va chinh
quyén dia phuong da néu Ién nhiing han ché cta cong cu
nay. Ho dan chiing viéc cach ti€p can nay khong xem xét cac
lubng di chuyén duédi mat dat hodc trén khong, hay viéc xac
dinh cac tré ngai d6i vai su lién tuc sinh thai & cac khung thoi
gian khac nhau”. [theo AUAT, 2024]. Trén thuc té, dé tai tao
“thién nhién trong thanh phé”, két qua khéng chi dung lai &
viéc “phi xanh” ma quan trong haon la ddm béo chat lugng
sinh thai, trong d6 biéu hién quan trong nhat 1a su da dang
sinh hoc dé thi. Su da dang nay dugc cau tric béi cac cong
déng thuc vat, dong vat va con ngudi ciing nhu té chiic moi
trudng séng cla ching trong thanh phé. Bé “Khung xanh va
xanh lam” giéng nhu phan néi clia tdng bang, trong khi su
lién tuc ctia hé sinh thai dé thi dién ra déng thai tai nhiéu
tang I6p khéng gian, thai gian khac nhau. Cac chuyén gia
Phép da dé xuat lam phong phu thém “bé khung” nay thong
qua phuong phap ti€p can da mang ludi [theo Sordello,
2017]. Hién tai, ho dang phat trién “mang lugi sinh thai” hay
“khung cau vong” - trame arc-en-ciel - nhu mét cong cu thiét
ké méi cho céac thanh phé ctia Phap. Ho goi cong cu nay la
“khung cau vong” bai méi lop trong hé théng nay dugc phat
trién thanh mét “khung” v6i mau séc riéng. “Cau vong” & day
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khong phai la mau sac hinh thic, ma la su chdng I6p cac chiic
nang sinh thai, cu thé la:

a) Trong mai trudng giao thoa: 1/ Khung mau vang lién
két v&i méi trudng néng nghiép. Khéng chi la nai san xuat
thuc pham, day 1a hanh lang di cu cho cac loai thu phan nhu
ong, buém va la vung dém chéng lai su xam lan cta dé thi
hoa bé tong. 2/ Khung mau ngoc lam quan tam dén khu vuc
"dat ngap nudc". Trong dé thi, n6 dong vai tro la "vung loc" tu
nhién, vira diéu hoa ngap lut, vira 1a méi trudng séng cho cac
loai luéng cu. 3/ Khung mau xanh bién tao diéu kién thuan
loi cho su di chuyén clia dong vat bién, bao vé cac dai riing
ngap man va ran san ho. Déi vai cac dé thi nhu TPHCM hay
Hai Phong, day la "buc tudng xanh" ngan xam nhap man va
triéu cudng.

1/ Khung mau vang 2/ Khung mau ngoc 3/ Khung mau
xanh bién.
Nguon: AUAT
b) Trong cac khu vuc phi bé mat: 4/ Khung mau nau bao
tén mang ludi sinh thai chiic nang trong long dat; lién quan
truc ti€p dén rdi ro clia d6 thi ngdm ma chung ta dang trién
khai tai Ha Noi va TP.HCM. Dat khoe manh chiéia mang ludi vi
sinh vat va ndm khdng 16 gitip phan hiy chat thai va loc nudc
ngam. Bao tén khung mau nau la bao ton "la phéiloc an” cda
thanh phé. 5/ Khung “khéng trung” thac ddy su di chuyén an
toan cla déng vat hoang da trén khéng, ngan chan su dut
gay clia cac dudng bay chim di cu. N6 doi héi cac quy chudn
vé thiét k& chéng va cham cho chim.

5/ Khung “khong trung”
Nguon: AUAT
€) M& réng dén céc rao can vé mat giac quan doi vai su
lién tuc sinh thai, day la nhiing khai niém mai nhat trong tu
duy “Quy hoach c6 Igi cho stc khée”: 6/ Khung mau den tao
thuan lgi cho ddi séng vé dém, mang ludi t&i giup xem xét tét
han vong ddi ctia dong thuc vat vé dém. 7/ Khung mau trang
cho phép céc loai di chuyén véi muc d6 tiéng 6n co thé chap
nhan dugc dé dadm bao chu ky sinh hoc ctia chung. Déi vai
con ngudi, day la nhitng “6c dao yén tinh” gilip giam stress
doé thivalo au.

4/ Khung mau ndu
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7/ Khung mau trdng
Nguén: AUAT

Trong phuong phap tiép can da mang lugi nay, ndbng nghiép
d6 thi khéng chi la mét thanh phan bé sung, ma la I6p khéng
gian san xudt - sinh thai - xa hoi giup lién két va kich hoat cac
“khung xanh, xanh lam”. Nh& d6, d6 thi dugc tai cdu tric nhu
mot hé sinh thai séng, noi ha tang, cadnh quan va san xuat luong
thuc cuing ton tai va ho trg lan nhau. Néng nghiép dé thi khong
con chi don thuan tham gia vao cac “mang xanh”, ma con kién
tao I&p lién két gitip cac khung khac trong mang luéi hoat ddng
hiéu qua va c6 tinh “s6ng” (productive landscape). Tai khung dat
vang, véi cac méi trudng mé, chli yéu la dat canh tac, su tham
gia cla canh tac vinh cltu (permaculture) cé Igi cho d6 phi nhiéu
va da dang sinh hoc ctia dat. N6 thic day co s6 ha tang va céc
hoat ddng néng nghiép sinh thai. Tiép dén, khong gian canh tac
xen k&, gitip con trung thu phan, thu hut cac loai chim & khung
khong trung. Dong thai, hoat dong nay dong gép vao chu trinh
nuéc, hap thu va luu trir CO,, ho trg cac loai sinh vat dat hoat
déng trong khung nau. Ngoai ra, cac ho diéu tiét két hgp canh
tac, dat nong nghiép tham nudc hay néng nghiép ngap nuéc
gilp tang cudng hé sinh thai vung dém nhu khung mau xanh
ngoc. Tu d6, cac khong gian cdy xanh, mdt nudc khong con la
thuan trang tri hay canh tdc ma tao hé sinh thai séng cho thanh
ph6 néng nghiép. Trong mo hinh d6é thi nay hé théng khong
gian néng nghiép dugc xem nhu mét I6p trung gian, chong lén
cac hanh lang sinh thai, thily hé va khong gian cong cdng, tao
thanh mét “khung cau vong” da chiic néng, trong do san xuat
luong thuc, diéu tiét nudc, cai thién khi hau va gan két xa hoi
dién ra déng thai trong cing mot cau triac khong gian.

Lién hé quy hoach Viét Nam, bd cdng cu nay rat pht hop
véi nhiing du an trong diém hién nay nhu du an ven séng
Ho6ng hay vanh dai xanh, noi c6 tiém nang va lgi thé dac biét
dé phat trién mo hinh dé thi néng nghiép. Bén canh d6, Ha Noi
c6 téng dién tich tu nhién 3.36 nghin km? trong d6 197.793 ha
la dat ndng nghiép (chiém khoang 58,9% dién tich ty nhién),
c6 thé phat trién mang lusi méi trudng giao thoa & ngoai
thanh. Ngoai ra, tai nhiting du an khu d6 thi xanh, d6 thi sinh
thai ciing c6 thé ap dung “khung ciu véng” va khéng gian “d6
thi néng nghiép” & quy mé phu hgp dé kién tao chat luong
sO0ng cho cac cu dan, théng qua 16i s6ng va cach tang cudng
su hién dién ctia da dang sinh hoc. Theo nha canh quan ndi
tiéng, gido su trudng Kién trdc Canh quan Qudéc gia Versailles,
Phap - Gilles Clément: “Su da dang sinh hoc d6 thi nay dugc coi
la su ddm bao cho tuang lai clia nhan loai”. Nhu vay, qua mot

6/ Khung mau den

Ninh Bl

Minh hoa : So do hé sinh thai néng nghiép Ha Néi - khung
vang bé tro “Khung xanh va xanh lam”. Nguon: Duy Pikc,
dit liéu trich Quy hoach tong thé Thu dé 3/2026

qua trinh phat trién dét pha, nhiing thanh phd clia Viét Nam
dang vuon minh manh mé va khang dinh vi thé trong khu vuc.
Nhung cung véi do, hé sinh thai dé thi ctia ching ta cling chiu
nhirng tén thuong I6n. Viéc mang thién nhién trg vé trong
moi truong do thi sé khéng chi la mot phong trao xa hoi hay
thuang hiéu quang bé san pham bat déng san, ma hanh déng
dé thé hién mong mudn cai thién moi trudng va 18i séng cla
thanh phd. Bang lién két khong thé tach rdi véi cac yéu t6 dat,
nudc va da dang sinh hoc db6 thi. Cac hoat dong ndng nghiép
trong thanh phé sé cho phép ngudi dan dugc hudng lgi tur
viéc tiép xuc véi thién nhién, nhu trong cac mé hinh “thanh
phé vusn”, “thanh phé sinh théi” da tiing hudng tai.
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S6 hoa vat lieu “xanh” huéng tai

Net Zero
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Trong mo hinh cl, cong trinh chu yéu dugc danh gia bang tién do, chi phi, guy mo
va coOng nang st dung. Nhung trong ky nguyén Net Zero, mét cong trinh con phai
traloi dugc nhuing cau hoi hoan toan mai: cong trinh phat thai bao nhiéu carbon,
vat liéu nao gay tac dong moi truong I6n nhat, hé théng van hanh co tiéu thu nang
luong vugt chuan hay khong, cau kién nao co thé tai su dung sau 50 nam, va toan b6
vong dadi tai san co dugoc quan ly bang du lieéu hay khéong?...

ong sudt nhiéu thé ky, nganh Xay dung dugc xem la

nganh cla bé tong, thép, gach da va may mac. Gia tri

clia mot quéc gia thudng dugc phan anh qua nhiing

cdy cau lén, nhiing toa nha cao tang, nhiing khu d6 thi
hién dai hay t6c d6 phat trién ha tang. Tuy nhién, budc sang
thé ky 21, dudi &p luc cla bién ddi khi hau, khiing hoédng tai
nguyén va cam két Net Zero toan cau, nganh Xay dung dang
dung truéc mot cudc chuyén déi sau sic chua tiing cé: cong
trinh khéng con chi la thuc thé vat ly, ma dang trd thanh mot
hé sinh thai d{ liéu s6ng van hanh xuyén suét vong doi. Day
khoéng don thuan la su thay ddi vé cdng nghé hay phan mém.
NG la su thay d6i vé cach nhan loai hiéu ban chat clia xay dung.
Trong mo hinh ci, cdng trinh cht yéu dugc danh gia bang tién
do, chi phi, quy mo6 va cdng nang s dung. Nhung trong ky
nguyén Net Zero, mét cdng trinh con phai tra I6i dugc nhiing
cau héi hoan toan mai: cong trinh phat thai bao nhiéu carbon,
vat liéu nao gay tac ddng moi trudng I6n nhat, hé théng van
hanh c6 tiéu thu nang lugng vugt chuan hay khéng, ciu kién
nao c6 thé téi st dung sau 50 nam, va toan bd vong ddi tai san
c6 dugc quan ly bang dit liéu hay khéng?...

Chinh tai day, khai niém “vat liéu xanh” bat dau thay
déi ban chat. Trong nhiéu nam, nhiéu sdn pham dugc goi
la “xanh” chu yéu dua trén quang ba thuang mai hodc cac
chi s6 rai rac. Nhung trong nén kinh té€ carbon thap tuong
lai, “xanh” khong con 1a cdm tinh. “Xanh” phai tré thanh mot
thudc tinh dir liéu c6 thé do ludng, kiém chiing, truy xuat va
t6i uu hoa lién tuc. Mot vat liéu mudn duoc xem la “xanh” sé
can co dir liéu GWP, EPD, danh gia LCA va kha nang truy xuat
vong dai thong qua BIM va Digital Twin. Biéu nay phan anh

® Triwdng Ban D6 thi HDND TP Pa Néng
™9 Céng ty CP Xdy dung céng nghé BIM4C
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mot thay doi rat I6n: carbon dang trd thanh “ngdn ngl mai”
cla nganh Xay dung. Néu trong thé ky 20, chi phi la bién s
trung tam ctia moi quyét dinh xay dung, thi trong thé ky 21,
carbon dang dan tra thanh mét “don vi diéu hanh” méi. Mot
phuong an thiét ké khong chi dugc danh gia bang gia thanh,
ma con bang lugng CO, phat sinh trong sudt vong dai cong
trinh. Mot loai vat liéu khéng chi dugc lua chon vi d6 bén hay
tinh thdm my, ma con vi ddu chan carbon ma né mang theo.

Diéu dang chu y la nganh Xay dung hién chiém khoang
40% t6ng luong phat thai CO, toan cau. Trong nhiéu nam,
thé gigi tap trung manh vao gidm dién nang tiéu thu trong
van hanh cong trinh, nhung lai chua quan tam day du téi
carbon ham chta trong vat liéu - lugng phat thai phat sinh
tir khai thac nguyén liéu, san xuat xi mang, luyén thép, van
chuyén va thi cong. Chinh phan “carbon vé hinh” nay dang
tré thanh trong tam mdi cia cudc chién Net Zero. Tuy nhién,
cac phuang phap quan ly truyén théng gan nhu khéng dua
kha nang gidi quyét bai toan nay. Quy trinh thiét ké dua
trén CAD 2D, bang tinh r&i rac va ho so gidy khién di liéu
bi phan manh, kho kiém chiing va gan nhu khéng thé truy
Xudt xuyén sudt vong dai cong trinh. Nhiing thay déi thiét ké
thudng dugc x( ly thi céng, gay lang phi vat liéu va phat sinh
chi phi Ién. Trong nhiéu trudng hgp, cong trinh chi phat hién
van dé vé nang lugng hodc phat thai sau khi da hoan thanh
thi cdng - khi co hoi t6i uu t6t nhat da bi bo 16.

Do la ly do BIM, LCA, EPD, Digital Twin va Al dang dan hoi
tu thanh nén tang c6t 16i ctia nganh Xay dung thé hé mdi.
Néu trudc day BIM thudng bi hiéu dan gian 1a “mé hinh 3D’
thi hién nay BIM dang chuyén héa thanh ha tang di liéu
carbon cuia céng trinh. Mbi BIM Object khong con chi mang
hinh hoc, ma con mang di liéu vat liéu, lugng phét thai, tudi
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tho van hanh, kha nang téi s dung va ddu chan méi trudng.
Céng trinh tir d6 chuyén hda thanh mot “thuc thé di ligu”
c6 kha nang dugc do ludng, moé phong va téi uu lién tuc.
Pay la buéc chuyén rat quan trong clia nganh Xay dung: tu
“geometry-centric BIM” sang “data-centric BIM". Trong mo
hinh méi, gia tri ctia BIM khéng con ndm & do dep clia mo
hinh hinh hoc, ma nam & kha nang phuc vu ra quyét dinh
thong minh. Mt mé hinh it polygon nhung day da di liéu
carbon ¢6 thé gia tri hon nhiéu so v&i mét mé hinh siéu chi
tiét nhung khong cé kha nang danh gia méi truéng.

Khi BIM két hgp véi EPD va LCA, nganh Xay dung lan dau
tién c6 kha nang tinh toan carbon theo tiing cdu kién ngay tu
giai doan y tudng thiét ké. Mot dam thép, mot san bé tong hay
mot hé facade khéng con chi co khéi luong va kich thudc, ma
con ¢ GWP, dit liéu tai ché, kich ban cuéi vong dai va kha nang
tai s dung. Biéu nay cho phép hinh thanh Carbon Budget - du
todn carbon song song véi du toan tai chinh. Bay la mét thay
déi mang tinh cach mang. Trong qué khti, du an chi quan tam
“céng trinh tén bao nhiéu tién”. Nhung trong tuong lai, céng
trinh sé phai déng thai tra 16i: “cong trinh phat thai bao nhiéu
carbon”. Khi mé hinh BIM dugc két néi véi Autodesk Takeoff,
One Click LCA hay EC3, hé théng c6 thé tu dong bdc tach khai
lugng vat liéu va quy déi thanh kgCO,e theo tiing cau kién. Khi
ki€n trdc su thay déi vat liéu hodc phuang an thiét ké, lugng
carbon toan cong trinh cé thé thay déi theo thdi gian thuc.
Diéu nay tao ra mot budc tién cuc ky quan trong: carbon bt
dau tré thanh dit liéu dong thay vi dit liéu tinh.

Chinh tai day, Al bat dau dong vai trd trung tam. Mét cong
trinh hién dai c6 thé chira hang triéu BIM Object, hang nghin
thong s6 vat liéu, dir liéu thai tiét, d liéu van hanh, di liéu
nang lugng, di liéu logistics va d{ liéu vong dai méi trudng.
Khoéng mét nhém chuyén gia nao cé thé xa ly toan bo lugng
dir liéu d6 bang phucng phap tha cong. Nhung Al ¢6 thé. Al
cho phép nganh Xay dung budc ti “s6 héa” sang “tu t6i uu
hoa". Cac Al Agent chuyén nganh sé dan xuat hién nhu nhiing
“nhan su s6” clla doanh nghiép xay dung: Carbon Agent,
Energy Agent, Material Agent, Compliance Agent hay Facility
Agent. Nhiing hé Al nay c6 thé doc BIM Object, phan tich EPD,
mo phoéng carbon, danh gia nang lugng va dé xuat phuong én
t6i uu theo thai gian thuc. Diéu nay sé lam thay déi hoan toan
cach thiét ké va van hanh céng trinh. Trong tuong lai, kién trac
su va ky su sé khéng con lam viéc mét minh véi mé hinh BIM,
ma lam viéc clng cac hé tri tué sé c6 kha nang th nghiém
hang nghin phuong én trong thai gian rat ngan.

Khi Al két hgp véi Digital Twin, céng trinh bat dau tré thanh
“thuc thé s6 séng”. Khac véi BIM truyén théng, Digital Twin
khoéng chila mé hinh mé ta cong trinh, ma la ban sao s6 c6 kha
nang lién tuc nhan di liéu tir cdm bién, loT va hé théng van
hanh thuc té. Diéu nay cho phép céng trinh theo ddi tiéu thu
nang lugng theo thai gian thuc, phat hién bat thudng, du bao
béo tri va t6i uu carbon lién tuc. Mét hé HVAC hoat dong kém
hiéu qua, mot thiét bi tiéu thu dién bat thudng hay mot khu vuc
€6 t3i nhiét cao déu co6 thé dugc phat hién sdém dé can thiép
kip thai. Bay la budc chuyén ti “smart building” sang “cognitive
building”. T cap d6 cong trinh, Digital Twin ti€p tuc m& rong

sang cap dé dé thi. Khi hang nghin cong trinh Digital Twin dugc
két ndi, thanh phd bat dau hinh thanh “ban sao s6” phan anh
lién tuc giao théng, nang lugng, méi trudng, phat thai va hanh
vi dé thi. Day la nén tang ctia do thi Net Zero tuong lai.

Tuy nhién, toan bo hé sinh thai nay chi c6 thé van hanh
néu dir liéu dugc chudn hoda. Khéng cé tiéu chuin, BIM chi la
cacmo hinhrgirac, EPD chila cac file PDF riéng 1, con Al sé tré
thanh c¢6 may xt ly dit liéu hdn loan.Dé laly do cac tiéu chuan
nhu I1SO 19650, ISO 14040/44, 1SO 14025, IFC, OmniClass hay
UniClass dang tr@ thanh nén mong ctia nganh Xay dung thé
hé méi. Trong béi canh Viét Nam, nhu cau xay dung VNClass,
co sG dir liéu EPD qudéc gia, thu vién BIM quéc gia, Material
Passport, Urban Digital Twin va Regulatory Sandbox Al -BIM-
Carbon khong con la nhiém vu ky thuat riéng lé, ma la nén
mong cla kién truc dit liéu xay dung quéc gia. Diéu nay dac
biét quan trong khi CBAM va cac co ché kiém toan carbon
toan cau ngay cang siét chat. Trong tuong lai gan, vat liéu xay
dung mudn tham gia chubi cung (ng qudc té sé budc phai
c6 dit liéu carbon minh bach.

DGi véi Vit Nam, day via la thach thic, via la co hoi
lich st. Viét Nam van dang trong qua trinh d6 thi hoa manh,
nghia la phan 16n cong trinh va ha tang tuong lai van chua
dugc xay dung. Diéu dé cho phép chuing ta c6 kha nang thiét
ké hé dir liéu dang ngay tu dau, chudn hoa BIM tir dau va xay
dung hé sinh thai Net Zero ngay ti nén mong. Néu tan dung
t6t co héi nay, Vit Nam khong chi gidm phat thai carbon, ma
con 6 thé hinh thanh mat mé hinh phét trién dé thi s6 va xay
dung xanh mang ban sac riéng - nai dit liéu tré thanh tai san
chién lugc, carbon trd thanh don vi diéu hanh va Al tré thanh
nang luc van hanh cét 16i ctia toan nganh.

Cudc chuyén ddi nay chac chan sé khéng dé dang. N6 doi
hoi thay d8i tu duy, cai cach thé ché, chuan héa di liéu, dau
tu ha tang s6 va dao tao moét thé hé nhan luc hoan toan mai.
Nhung lich st cho thay moi cuéc cach mang cong nghiép
déu ma ra co héi cho nhiing quéc gia biét di dung hudng
& thai diém chuyén giao. Net Zero chinh 1a mot thai diém
nhu vay. Trong thoi dai mdi, lgi thé canh tranh cia nganh Xay
dung sé khong con ndm chi yéu & tai nguyén, lao dong gia
ré hay quy mo thi cdng. N6 sé nam & kha nang té chuc dir
liu, nang luc quan tri carbon, téc d6 t6i uu bang Al va kha
nang van hanh hé sinh thai sé quy mé 16n.

Cudi cling, diéu quan trong nhat ma ky nguyén Net Zero
mang lai c6 1&é khéng chi la cong nghé mdéi, ma la mot cach
nhin méi vé méi quan hé gilta con ngudi, d6 thi va hanh
tinh. Cong trinh sé khong con chi la noi trd ngu hay san xuat.
D6 thi sé khong con chi la tap hgp clia ha tang va bat déng
san. Nganh Xay dung sé khdng con chi la nganh tiéu thu tai
nguyén khéng 16. Tat ca sé trd thanh mot hé sinh thai di
liéu séng, noi vat liéu, nang luong, carbon va tri tué nhan
tao dugc két néi trong mot vong tuan hoan lién tuc nham
huéng tGi phat trién bén viing lau dai. Va trong hé sinh thai
dé, “xanh” s& khong thé tén tai néu thiéu “s6”. B&i trong ky
nguyén mdi, chi nhiing gi dugc do ludng bang dir liéu, dugc
van hanh bang tri tué va dugc téi uu lién tuc mai cé kha nang
thuc su bén viing.
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Thiét ké bé tong cho duong sat téc do cao can vugt ra khoi cach ti€p can truyén

théng dua chu yéu vao cuong dé nén, chuyén sang kiém soat dong thoi do bén lau,
kha nang chéng xam thuc va tuéi tho khai thac cua két cau.

udng sat téc do cao dat ra yéu cau rat cao d6i vai

két cau bé téng cot thép, khdng chi vé cudng do

chiu lyc ma con vé dé bén lau, kha nang chéng

xam thuc, han ché ndt va duy tri én dinh trong
sudt vong ddi khai théc. Vi vay, thiét ké thanh phan bé tong
can dugc tiép can theo tudi tho cong trinh, gén vdi diéu
kién vat liéu, méi trudng va yéu cau khai thac thuc té cla
Viét Nam.

Nhiing su c6 ha tang gan day trén thé gidi, trong do cé
vu sap moét phan cau Carola bac qua soéng Elbe tai thanh
phé Dresden, Duc vao sang 11/9/2024, cho thay van dé suy
gidm chat lugng, tudi tho va bao tri két cdu bé tong cot thép
dang tré thanh thach thic |6n trong quan ly tai san ha tang
hién dai. Doi véi dudng sat toc do cao, yéu cau nay cang
nghiém ngdt hon do cong trinh phai chiu tai trong dong
I6n, rung dong lap lai, bién d6i nhiét d6, méi trudng xam
thuc va yéu cau duy tri hinh hoc tuyén trong thai gian dai.

Khi van t6c doan tau dat tur 250 - 350 km/h, céc két cau
bé téng c6t thép nhu cau can, ban mat cau, dam hép, méng
tru, ham, két cau slab track va cac ciu kién duc sén phai lam
viéc trong diéu kién khat khe hon nhiéu so véi cac cong
trinh giao thong théng thudng. Cac két cau nay khéng chi
chiu tai trong lap chu ky 16n va rung dong lién tuc, ma con
chiu tac dong dong thai chia bién déi nhiét do, dé dm, moi

) Truong Pai hoc Giao thong vdn tdi
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trudng xam thuc va yéu cau duy tri d6 én dinh hinh hoc
tuyén trong sudt qua trinh khai thac.

Trong diéu kién d6, thiét ké thanh phan bé tong khéng
thé chi dua trén chi tiéu cudng dd nén theo céch tiép can
truyén théng. Cudng dé la yéu cau can thiét, nhung chua
da dé bao ddm tudi tho céng trinh. DSi véi dudng sét téc
d6 cao, bé téng can dugc thiét ké theo hudng “thiét ké theo
tudi tho cong trinh” (service life design), trong d6 cac chi
tiéu vé do bén lau, kha nang chéng xam thuc va kha nang
duy tri tinh nang co hoc dai han phai dugc xem xét ngay tu
giai doan thiét ké cap phai.

D3i vé6i cac cong trinh dudng sat toc d6 cao trén thé gidi,
tudi tho thiét ké thudng dugc yéu cau ti 100 - 120 nam.
Diéu nay doi hoi bé téng khéng chi dat cudng dé cao ma
con phai cé d6 dac chac 16n, kha nang chong tham t6t, han
ché& nurt, chdng xadm nhap ion chloride, chéng cacbonat hda,
chéng dn mon cét thép va duy tri tinh nang co hoc 8n dinh
trong thai gian dai. V6i diéu kién khi hau nhiét déi nong
am cla Viét Nam, lugng mua I6n, nhiéu khu vuc ven bién
c6 mai trudng chia ion chloride va su chénh Iéch nhiét do
theo mua, yéu cau vé d6 bén lau ctia bé tdéng cang can duac
dat ra mét cach nghiém tuc hon déi véi hé théng dudng sat
t6c do cao trong tuong lai.

Thuc té€ cho thay, tinh trang an mon va hu hong két cau
bé tdng cot thép trong nhiéu céng trinh ha tang hién nay da
va dang dat ra yéu cau cap thiét vé kiém soat chat lugng vat
liéu va tudi tho cong trinh. B&n canh mét s céng trinh ¢c6
tudi tho trén 30 - 40 ndm, van c6 nhiéu cong trinh bi an mon,



Hién truong mét phan cau Carola bdc qua song Elbe tai Dresden, Pirc bi sdp. Anh: Tagesspiegel.

hu hong ndng sau 20 - 25 nam st dung, tham chi ¢é két cau
bi pha hay nghiém trong chi sau 10 - 15 nam. Nguyén nhan
c6 thé dén ti nhiéu yéu té nhu chat lugng 16p bé tong bao
vé, chiéu day |6p bao vé, vét nit trong bé tong, dién trd suat
cla bé téng, cong tac bao duéng, tay nghé thi céng, bé tri
c6t thép, van khuén, thiét ké két cau, bé tri thoat nudc va
diéu kién phai nhiém cda tiing hang muc.

Vi vay, cai thién chat lugng bé tong bao vé c6t thép ngay
tUr khau thiét ké thanh phan bé tong la yéu cdu c6 y nghia
chién lugc. Déi véi dudng sat téc do cao, yéu cau nay khong
chinhdam bao dam kha nang chiu luc ban dau, ma con nham
gidm thiéu &n mon, han ché chi phi bao tri, kéo dai tudi tho
céng trinh va nang cao hiéu qua dau tu trong suét vong doi
khai thac.

KHONG THE CHi DUA VAO CUONG DO CHIU NEN 28
NGAY

Trong thiét ké bé tong truyén théng, cudng d6 nén &
tudi 28 ngay thudng dugc xem la chi tiéu trung tam dé danh
gia chat lugng bé tong. Cach ti€p can nay c6 y nghia nhat
dinh d6i véi yéu cau chiu luc, nhung chua phan anh day du
kha ndng lam viéc dai han cda bé tong trong moi trudng
khai thac thuc té. D&i véi cac cong trinh dudng sat toc do
cao, noi két cdu phai chiu tai trong dong, rung dong, tac
déng méi trudng va yéu cau duy tri n dinh hinh hoc trong
thai gian rat dai, viéc chi kiém soat cudng d6 nén la chua du.

Yéu cau ky thuat déi vGi bé tdng trong cdng trinh dudng
st t6c do6 cao c6 thé dugc xem xét theo hai nhém chinh:

bé tong d6 tai ché va bé téng dung cho cau kién duc san,
Idp ghép. Mbi nhom c6 dac diém thi cong, diéu kién bao
duéng, yéu cau kiém soat chat lugng va muc dé phaoi nhiém
moi trudng khac nhau. Do d6, thiét ké thanh phan bé tong
can tinh dén diéu kién lam viéc cu thé cla tung loai ciu
kién, thay vi 4p dung mét cach dong nhat theo cap cudng
de.

Hién nay, mot s6 tiéu chuin ky thuat trong linh vuc
dudng sat c6 tham chiéu hodc tiép can hé théng tiéu chuén
chau Au. Vi vy, khi 4p dung tai Viét Nam, can ra soat su
tuong thich gifta cac cap cudng dé, yéu cau doi véi hén hop
bé tdng va cac chi tiéu d6 bén lau theo hé théng tiéu chuan
trong nudGc. Theo huéng ti€p can nay, can xem xét su tuong
doéng gilra yéu cau doi véi hdn hgp bé tong xi mang theo
TCVN 14586:2025 véi hé théng tiéu chudn chau Au co lién
quan; déng thailam rdé cach quy déi cap bé tong theo TCVN
14585:2025 vdi cac cap cudng do tuong Ung.

Vé cap bé tdng, c6 thé xem xét quy ddi tuang ducng
nhu sau: B25 tuong Ung C20/25; B30 tuong Ung C25/30;
B35 tuang ung C30/37; B45 tuang Uing C35/45; B50 tuong
Ung C40/50; B55 tuong ung C45/55; B60 tuong tng C50/60.
Riéng cac cdp B40 va B70 can duoc tiép tuc ra soat do khéng
¢ tuong duacng truc ti€p trong hé théng cap cudng do
chau Au dugc néu trong bai. Viéc quy d8i nay khéng chi cé
y nghia vé mat ky hiéu ky thuat, ma con la co s& dé théng
nhat yéu cau thiét ké, thi nghiém, nghiém thu va kiém soat
chat lugng bé tong trong diéu kién Viét Nam.

Tuy nhién, yéu cau vé cudng d6 méi chi 1a mot phan
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cla bai toan. Vé phuang dién dé bén lau, bé tong dung
cho duding sat téc d6 cao can dap ting dong thdi nhiéu chi
tiéu nhu kha nang chéng xam nhap ion chloride, kha nang
chéng cacbonat hoa, kha nang chéng xam thuc sulfate, kha
nang chéng mai mon co hoc va kha nang chiu moi. Bén
canh do, thiét ké thanh phan bé tdng con phai kiém soat
nguy co nut sém do nhiét thdy hda, co ngét va chénh léch
nhiét dé. Day la cac yéu t6 c6 anh hudng truc ti€p dén do
dac chic, kha nang bédo vé c6t thép va tudi tho thuc té cla
két cau.

Thiét ké bé tong theo tudi tho Ia phuang phap xac dinh
thanh phan vat liéu nham bao dam két cidu dat dugc thoi
gian st dung yéu cau trudc khi xuat hién trang thai gidi han
vé d6 bén lau. Khac vai thiét ké truyén théng chd yéu kiém
tra cudng dé & tudi 28 ngay, phuong phap nay xem xét toan
b6 qua trinh suy gidm cla bé tdng trong maéi truong khai
thac thuc té.

TuGi tho clia két cau bé tdng c6t thép thudng dugc chia
thanh hai giai doan. Giai doan th nhat |a giai doan khai dau
&n mon, tuc 1a khodng thai gian dé cac tac nhan xam thuc
nhu ion chloride hoac CO, xam nhap qua I&p bé téng bao
vé va dat dén bé mat cot thép. Giai doan thu hai la giai doan
phat trién &n mon, bat dau tu khi c6t thép bi &n mon dén
khi két cdu suy giam kha nang st dung hodc khéng con dap
tng yéu cau khai thac.

Cac thiét ké hién dai thudng hudng t6i muc tiéu kéo dai
giai doan khai dau an mon. Néi cach khac, can tao ra I6p bé
téng bao vé co chat lugng cao, d6 dac chac 16n, kha nang
ch6ng tham tét va han ché suxam nhap cla cac tac nhan gay
an mon. D& thuc hién muc tiéu nay, cdc md hinh tinh toan
thudng dua trén dinh luat khuéch tan Fick, hé sé khuéch tan
ion chloride, mé hinh cacbonat héa, cdu tric 16 mao quan, hé
s6 tham nudc va chi s dién trd suat clia bé tong.

Thiét ké thanh phan bé téng cho két cau dudng sat téc
d6 cao can bao dam déng thai nhiéu yéu cau: kha nang chiu
luc, kha nang khai thac st dung, d6 bén lau, an toan va tinh
kinh té€. Trong thuc t&, két cau bé tong cot thép thudng chiu
tac dong ctia nhiéu co ché suy giam nhu cacbonat hoa bé
téng, xam nhap ion chloride, an mon c6t thép, tan cong
sulfate, phan ung kiém - c6t liéu, chu ky dong bang - tan
bang, nit do co ngdt va tdi trong lap. Do d6, viéc du bdo
tudi tho cong trinh khéng thé chi dua vao mét chi tiéu don
I&, ma can dugc ti€p can bang cac mo hinh tinh toan phu
hgp véi diéu kién vat liéu va méi trudng khai thac.

Hién nay, nhiéu mé hinh tinh toan tudi tho da dugc phat
trién, bao gém mé hinh kinh nghiém, mé hinh co hoc - vat
ly, mé hinh xac suat, mé hinh dé tin cay, m6 hinh da co ché
va cdc md hinh Ung dung tri tué nhan tao, hoc may. Trong
s6 d6, mé hinh tinh toan tudi tho clia két cau bé téng cot
thép theo ca ché xam nhap ion chloride dugc st dung phé
bién déi véi cac cong trinh giao théng, trong d6 6 dudng
sat téc do cao. M6 hinh nay dugc (ng dung rong rai trong
cac hé théng tiéu chudn va hudng dan nhu ISO 16204, fib
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Qud trinh phdt trién cdc bo Model Code ciia fib vé két cau
bé tong, trong do co tiép can thiét ké theo tudi tho khai thac.
Nguon: ACF-2016-VN.

Model Code, DuraCrete, Life-365, JSCE, ASTM va tiéu chuin
clia Trung Quéc. Tuy nhién, cdc mé hinh hién nay van con
mét s6 han ché, nhat 1a viéc chua xét day du anh hudng cua
nut, ciing nhu mai lién két vai ion chloride khi st dung cac
chat két dinh phu thém.

Trong thiét ké thanh phan bé téng theo phuong phap
truyén thong, cudng dd muc tiéu thudng dugc xac dinh
theo cong thic: Rmt =R, + 1,64s

Trong d6, RB la cudng d6 dac trung theo TCVN, con s la
dé léch chudn thuc nghiém. Cudng d6 muc tiéu 1a co s dé
lua chon ty 1& nudc/chat két dinh nham dat yéu cau cudng
do6 thiét ké. Tuy nhién, ty I& nudc/chat két dinh khéng phén
anh day da anh hudng cta cac chat két dinh phu thém dén
d6 bén lau cla bé téng, dic biét 1a kha nang ch6ng xam
nhap ion chloride.

Véi phuong phap thiét ké theo tudi tho, nhat la khi s
dung mé hinh dya trén hé sé khuéch tan ion chloride, can
b8 sung cac chi tiéu dé bén lau vao qua trinh thiét ké thanh
phan bé téng. Theo cach ti€p can trong tiéu chuan cuda
Trung Quéc, hé s6 khuéch tan ion chloride dung cho thiét
k&, ky hiéu la DRCM.p, dugc tinh toan tuong tu nhu cach
xac dinh cudng d6 muc tiéu. Cong thuc dugc néu nhu sau:
DRCM.p = DRCM.28 - 1,640D.

Trong d6, DRCM.28 1a hé sé khuéch tan ion chloride
cla bé téng & tudi 28 ngay, dugc xac dinh bang phuong
phap di chuyén dién nhanh RCM; oD la d6 léch chuén cuda
hé s6 khuéch tan ion chloride. Khi khong xac dinh dugc hé
s6 bién dong ctia hé s khuéch tan ion chloride, c6 thé lay:
DRCM.p = 0,802 DRCM.28, vGi 6 = 0,15.

DPiém dang chu y 1a hé s6 khuéch tén ion chloride ¢6 y
nghia ngugc véi cudng do. Doi véi cudng dé, gia tri cang
I6n cang c6 lgi; trong khi d6, d6i véi hé sé khuéch tan ion
chloride, gia tri cang nhé thi kha nang chéng xam nhap
chloride cang t6t. Vi vay, khi xac dinh DRCM.p, can tru di
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Ghi chil:
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(6) Biem ‘dﬁr‘ray
{7) Lo m& de bom
vira

" (8) Thép GEWI

(9) Tang do va dau
bu I5ng -
(10) Khe nai thi cong

khodng d6 léch & muc tuong ing 5%.

Theo céach tiép can nay, hé sé khuéch tan ion chloride
dugc xem nhu mét chi tiéu thiét ké quan trong, co vai trd
tuong tu nhu cudng dd muc tiéu trong thiét ké cap phoi
truyén théng. TU gia tri DRCM.p, c6 thé xac dinh ty 1& nuéc/
chat két dinh trong méi quan hé ¢ xét dén anh hudng cda
cac chat két dinh phu thém nhu tro bay nhiét dién va xi 1o
cao nghién min. Pay 1a cd s& quan trong dé thiét ké thanh
phéan bé téng dat dong thai nhiéu chi tiéu: cudng dé chiu
nén, kha nang chéng xam nhap ion chloride va d6 bén lau
trong méi trudng khai thac thuc té.

Vé ca ban, phuong phaép tinh toan thanh phan bé téng
theo tiéu chudn Trung Quéc GB/T 51464-2024 cho thay mot
hudng ti€p can dang tham khao: thiét ké bé téng khéng chi
nham dat cudng d6 chiu nén, ma con phai dat yéu cau vé
hé s6 khuéch tan ion chloride. Py la cd s& quan trong dé
xay dung phuang phap thiét ké thanh phan bé téng theo
hudng da chi tiéu, pht hgp vai yéu cau cla cac cong trinh
ha tang c6 tudi tho dai nhu dudng sat téc dé cao.

V61 THUC TRANG G VIET NAM

Dai vai Viet Nam, yéu cau dat ra khong chi la lua chon
cap bé téng cé cudng d6 cao, ma la xdy dung dugc hé tiéu
chi thiét ké va kiém soat chat lugng theo dé bén lau. Trong
do, cac chi tiéu nhu hé s6 khuéch tan ion chloride, kha nang
chéng tham, dién trd suat, mdc d6 cacbonat héa, kha nang
chdng xam thuc sulfate, co ngdt, nhiét thay hoa, mai mon
va kha nang chiu méi can dugc xem xét nhu nhirng théong
s6 thiét ké quan trong d6i véi bé téng dung trong dudng
sat tdc dé cao.

Bén canh d6, can hinh thanh co s& di liéu vat liéu trong
nudc, bao gém xi mang, phu gia khoéng, tro bay nhiét dién,
xi |6 cao nghién min, c6t liéu va phu gia héa hoc. Cacdi liéu

Cdu tao tdm ban bé téng ding trong két cau dwong ray khéng dd ba lat. Nguon: Bai giang Trieong PH Giao théng vin tdi.
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nay can dugc gan vdi diéu kién khi hau, méi trudng, ving
mién va yéu cau khai thac cu thé cla tiing loai cong trinh.
Day la tién dé dé xay dung cac mé hinh du béao tudi tho phu
hgp vai diéu kién Viét Nam, thay vi phu thudc hoan toan
vao dit liéu va mo hinh tU nudc ngoai.

Vi su ho trg cla tri tué nhan tao va hoc may, viéc thiét
ké thanh phan bé téng xi mang theo huéng dat déng thoi
nhiéu chi tiéu ky thuat 1a kha thi. Cac mé hinh dit liéu c6 thé
hé tro du bao quan hé gitta thanh phan vat liéu, cudng do,
d6 tham, hé s6 khuéch tan ion chloride, co ngot, nhiét thay
héa va tudi tho két cau. Tuy nhién, d€ iing dung trong thiét
ké thuc t&, cdc mé hinh nay can dugc kiém chiing bang dir
liéu thi nghiém trong nudc, diéu kién vat liéu dia phuong va
mai trudng khai thac cu thé cta Viét Nam.

Tu gbc d6 tiéu chudn va quan ly chat lugng, can sém
nghién ctu, hoan thién hanh lang ky thuat cho thiét ké bé
téng theo d6 bén lau d8i véi cac két ciu bé tong cét thép noi
chung va két cdu bé tong c6t thép trong dudng sat téc do
€ao noi riéng. Hé théng tiéu chudn can hudng téi viéc kiém
soat dong thai cudng do, dé bén lau, kha 1nang chéng xam
thuc va tudi tho khai thac. Déng thai, quy trinh kiém soat chat
lugng can dugc thuc hién xuyén suét ti thiét ké cap phéi, thi
nghiém vat liéu, san xuat bé tong, van chuyén, thi céng, béo
duéng dén quan trac trong giai doan khai thac.

Pudng sat téc do cao la loai hinh ha tang c6 yéu cau
ky thuat dac biét nghiém ngat, vén dau tu I6n va thai gian
khai thac dai. Vi vay, thiét ké thanh phan bé téng cho loai
hinh céng trinh nay can dugc tiép can theo tu duy vong ddi,
trong dé tudi tho, d& bén lau va chi phi bdo tri phai duoc
xem la cac yéu t6 thiét ké ngay tir dau. Chi khi do, bé téng
mdi thuc sy dap Ung dugc yéu cau ctia mét hé thong ha
tang hién dai, an toan, bén virng va hiéu qua trong diéu
kién Viét Nam.
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Bé tong lap ghép giup tang toc xay dung dudng sat téc do cao va nang cao kha nang
kiém soat chat luong, nhung déng thoi lam thay déi vat liéu va két cau, doi hoi kiém
soat chat ché vatlieu, nhiét do va quy trinh.

rong xay dung dudng sat t6c dé cao, yéu cau tién

d6 thi céng va san xuat hang loat doi héi dp dung

céng nghé ciu kién bé tdng duc sdn két hgp vai

duéng ho hoi nudc nham rat ngan thai gian san
xuat cau kién. Tuy nhién, khi nhiét d6 duéng ho tang, qua
trinh hinh thanh vi cdu truc bé téng c6 thé bi thay ddi,
kéo theo su bién d6i vé tinh chat co hoc va d6 bén lau.
D6i vé6i cac cau kién co kich thudc 16n, su phan bé nhiét
dé khéng déu trong tiét dién c6 thé gay bién dang khong
déu va phat sinh ndi ing suat trong cau kién. Viéc san xuat
trong nha may khéng loai bd cac anh hudng nay, ma chi
cho phép kiém soét ching trong giGi han ky thuat. Vi vay,
bén canh lgi ich vé tang téc thi cong va cong nghiép hoda
san xuat, cong nghé cau kién bé téng duc sdn cho dudng
sat t6c do cao doi hoi ki€ém soét chat ché vé vat liéu, nhiét
do6 va quy trinh. N6i dung dudi day lam ré cac anh hudng
cla ché do dudng ho dén vat liéu, két cau va yéu cau kiém
soat trong qua trinh san xuat cau kién.

NEN TANG CONG NGHE TRONG XAY DUNG PUGNG
SATTOC PO CAO

Trong xay dung dudng sat toc dé cao tai Trung Quéc,
bé tong duc sdn dugc sir dung nhu mét phucng thic thi

® Khoa Cong trlnh dan dung Dai hoc Trung Nam Trung tam Nghlen
ciru k thudt quéc gia vé xdy ding dwong sdt toc dé cao (Trung Quoc)
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cong chinh, thay cho thi cong tai chd truyén théng. Dén
cuBi nam 2025, téng chiéu dai dudng sat téc d6 cao vugt
50.000 km, véi t6c d6 khai thac 1én t6i 350 km/h. Du kién
dén nam 2030, téng chiéu dai dudng sat vugt 180.000 km,
trong d6 dudng sat téc dé cao vugt 60.000 km. Quy méd
nay tao ra ap luc truc ti€p vé tién doé thi cong va kha nang
kiém soat chat lugng trén dién réng.

Trong diéu kién do, viéc phu thuéc nhiéu vao thi cong
bé tdng tai chd c6 thé lam tang khé khan trong viéc bao
dam déng thoi tién do, dé déng déu va khad nang kiém
soat chat lugng trén dién réng. Sai léch gilra cac cau kién
dé xay ra khi phu thudc vao diéu kién hién trudng. Vi vay,
phuaong thiic dugc lua chon 1a chuyén sang thi cdng theo
hudng céng nghiép héa, trong dé cdu kién dugc san xuat
trong nha may, sau d6 van chuyén ra cong trudng dé 1ap
dung. Cach lam nay giup kiém soat vat liéu, quy trinh va
chat lugng ngay tU dau, dong thai giam phu thudc vao
diéu kién thi cong tai cho.

Cac cdu kién bé tong duc sdn dugc st dung réng rai
trong hé théng dudng sat t6c dd cao, bao gom tdm ban
dudng khong da ba lat, dam hop va ta vet bé tong. Céac
dang két cau cu thé géom tdm ban dudng khong da ba lat
CRTS I, CRTS Il, CRTS lIl; ddm hép duc san dai 32 m; dam
hop phan doan; va ta vet bé tdng hai khéi. Viéc sir dung
cac cau kién nay cho phép chuyén phan 16n khéi lugng thi
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cdng sang san xuadt cong nghiép, ti d6 rat ngan thai gian
thi cdng tai hién trudng.

D& phu hgp véi mé hinh san xuat hang loat, yéu cau dat
ra la phai rit ngan thoi gian ché tao cau kién. Vi vay, cac
phuong phéap duéng hé dugc ap dung, bao gobm gia nhiét
khé, dudng hé hai nudc, gia nhiét dién cao tan, gia nhiét
bang vi song, gia nhiét bang dong dién va gia nhiét héng
ngoai. Trong s6 nay, duéng ho hai nudc dugc sit dung phé
bién do quy trinh don gian va duy tri dugc méi trudng am
trong qua trinh duéng ho.

Tang nhiét d6 dudng hé lam bé tdng phat trién cudng
dé nhanh hon & giai doan dau. Cudng d6 nén & tudi 1 ngay
tang tu 32 MPa tai 20°C Ién 45 MPa tai 80°C. Tuy nhién, &
tudi 90 ngay, cudng do lai giam tir 66 MPa xuéng 56 MPa.
Diéu nay cho thdy viéc ting t6c dé phat trién cudng do
khéng dién ra dong déu theo thai gian, ma co6 su khac biét
gi(ra giai doan sém va giai doan dai han.

Nhu vay, bé tong duc san két hgp véi dudng hod hoi
nudc cho phép té chuc thi cdng theo hudng cong nghiép
héa va dap ung yéu cau tién do. Dong thai, viéc tang nhiét
dé dudng ho ciing lam thay ddi qua trinh phat trién cudng
d6 chia bé tdng, dat ra yéu cau phai xem xét cac anh huéng
ti€p theo d6i vai vat liéu va két cau.

Dudng hé hoi nudc khong chi lam bé téng dat cuong
dé sém nhanh hon, ma déng thoi lam thay déi cdu tric
bén trong cla vat liéu. Thay déi nay xuat hién trudc hét &
vung tiép giap/chuyén tiép gilra cac pha, la noi truyén luc
trong bé tong.

D&i véi vung ti€p giap gila c6t liéu va da xi mang, chiéu
day vling nay ting theo nhiét @6 duéng ho. G 20°C, d6 day
khodng 30 um. Khi tdng 1én 60°C, d6 day dat khodng 50
um. G 80°C, gia tri nay dat khodng 70 um. Nhu vay, khi
nhiét d6 duéng hé tiang, chiéu day vung tiép giap tang
|&n. Diéu nay cho thay cdu trdc hinh thanh clia da xi mang
thay d8i duéi tac dong cla nhiét do.

D6i véi vung tiép giap gitia cOt thép va bé téng, thay
d8i thé hién ré qua cau tric 16 réng. Do rbng tang tir 5,73%
tai 20°C lén 10,42% tai 60°C. Dong thai, ty 1& 16 rdng nho
hon 40 um gidm tlr 87,3% xudng 65,3% khi nhiét dé tang
tir 20°C l1én 80°C. Nhu vay, khi nhiét dé tang, 16 rong nho
giam, 16 réng Idn tang. Diéu nay cho thady phan bé kich
thudc 16 réng trong vat liéu thay déi.

Su bién ddi vi ciu trac kéo theo thay déi vé tinh chat
co hoc. Béi vai cudng dé nén, bé téng dudng hé & nhiét
dé cao dat cudng do sé6m cao hon. Cudng dé & tudi 1 ngay
tang tu 32 MPa |én 45 MPa khi nhiét d6 tang tur 20°C Ién
80°C. Tuy nhién, & tudi 90 ngay, cudng do lai gidam tu 66
MPa xuéng 56 MPa. Diéu nay cho thay cuding dé tudi sém
tang, nhung cudng do dai han giam.

Déi vai cac chi tiéu déng, mo6 dun dan hoi va mé dun
cét déu gidm khi nhiét d6 dudng ho ting. G tudi 90 ngay,
s0 VGi 20°C, muc thay ddi tuong déi cia mé dun dan hoi

dongla-0,03 tai 60°C va -0,06 tai 80°C; tuong tu, muc thay
déi tuong ddi ctia mé dun cat déong 1a-0,01 va -0,023. Déng
thai, tng suat cuc dai chia bé tong cling ¢ xu hudng giam.

Cac chi tiéu vé dé bén lau cing thay ddi. Chiéu sau
cacbonat hoa tang tir 1,9 mm lén 2,5 mm trong diéu kién
dudng hé hoi nudc. D6 bén bang gia giam, trong khi téc
dd an mon tang. Viéc bé sung cac phu gia khoang nhu tro
bay, xi két hop phu gia cuén khi c6 thé cai thién mét phan
cac bat lgi nay.

Ngoai ra, dugi tac dong cla nhiét dé cao, cac yéu té
nhu: trudng nhiét, Gting suat nhiét va vung ti€p giap gita
cac pha vat liéu déu thay déi. Cac hién tugng nhu: bién
dang gian ng, nit gion va thay ddi cdu trac 16 rébng dugc
ghi nhan.

Nhu vay, khi tdng nhiét d6 dudng ho dé rat ngén thai
gian san xuat, vat lieu khéng gilr nguyén trang thai ban
dau. Cau trdc bén trong thay déi, kéo theo thay d8i vé tinh
chat co hoc va dé bén 1au. Pay 1a co s& dé xem xét cac anh
hudng tiép theo & cap dé két cau.

Nhing thay d8i & cap doé vat liéu khéng ding lai trong
cau truc bén trong bé tdng, ma tiép tuc thé hién & cap do
két cdu. Khi vi cdu trdc thay déi va tinh chat co hoc giam,
két ciu chiu tac dong ré hon cta nhiét d6 va bién dang.

Déi véi cac cau kién co kich thudc 16n nhu dam hop va
tam ban dudng khéng da ba lat, nhiét do trong tiét dién
khéng phan bé déu. Trong giai doan dau, nhiét d6 bé tong
chiu tac dong déng thai cla nhiét thay héa va qua trinh
dudng hé hai nudc. Vai dam hop ddc sdn 32 m, nhiét d6
dat gid tri I6n nhat sau khodng 72 gid ké ti khi d6 bé téng.
Vi tri nhiét d6 cao tap trung tai khu vuc giao gi(ra bdn canh
va bung dam.

Do nhiét sinh ra trong quéa trinh thdy héa va trao ddi
nhiét véi méi trudng dudng ho, trong tiét dién hinh thanh
trudng nhiét khéng déu. Khi nhiét dé6 khéng déu, bién
dang ciing khéng déu. Vi vay, ngay tu giai doan dau, bé
téng da xudat hién bién dang nhiét.

Trong giai doan khai thac dai han, anh huéng clia nhiét
dé ti€p tuc tén tai, nhung nguédn nhiét chuyén sang ti moi
trudng, chd yéu la bic xa mat trgi. Trong tiét dién dam
hép, nhiét dé phan b6 khéong déu theo chiéu cao. Gradient
nhiét d6 theo chiéu cao tiét dién c6 thé dat khoéng
59,92°C/m vao thang 4 va 62,70°C/m vao thang 7.

Su chénh léch nhiét d6 theo chiéu cao dan dén chénh
léch bién dang. Khi cac 16p trong tiét dién bién dang khac
nhau, ndi ing suat hinh thanh. Két qua phan tich cho thay
bién dang bé tédng c6 thé vuot khodng 1,07 1an bién dang
kéo cuc han. Diéu nay cho thdy anh hudng cta nhiét do
khong con 1a yéu té nhd, ma cé thé tac dong truc tiép dén
trang thai lam viéc ca két cau.

Déi véi tdam ban dudng khéng da ba lat CRTS I, anh
hudng clia nhiét d6 cling xuat hién theo cling co ché.
giai doan dau, nhiét d6 trong ban bién déi chl yéu trong
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24 gid sau khi d6 bé téng. Qua trinh nay bao gém ca giai
doan dudng hé hoi nudc va giai doan sau dudng ho. Nhiét
dd tai tdm tdm ban c6 thé dat khodng 53°C, cao hon so vdi
cac vi tri khac.

Trong giai doan nay, bé téng chiu bién dang nén do
nhiét d6 tang. Bi€n dang nén ting dan theo thai gian
duéng ho, phan anh su phat trién cla trudng nhiét trong
cau kién.

Trong giai doan dai han, dugi tadc ddng clla moi trudng,
tam ban tiép tuc xuat hién phan bé nhiét dé khéng déu
theo chiéu cao. Gradient nhiét d6 theo chiéu cao cla tdm
ban dat khoang 35,72°C/m vao thang 7 va 14,42°C/m vao
thang 2. Bién dang ldn nhat dat khoang 101x10°¢, tuong
duong 76,52% bién dang kéo cuc han.

Cac két qua nay cho thady, tu giai doan dau dén giai
doan khai thac, nhiét dé luén phan bé khéng déu trong
cau kién. Khi nhiét d6 khéng déu, bién dang khong déu va
néi ing suat xuat hién trong két cau. Diéu nay phan anh
ma&i lién hé truc tiép gitta dac tinh vat liéu va trang thai lam
viéc cta két ciu bé tong trong diéu kién thuc té.

Cac két qua vé trudng nhiét va bién dang cho thay néu
khéng kiém soat tét trong thi céng, cac dnh hudng bat Igi
sé xuat hién trong két cau. Vi vay, khi ap dung bé téng duc
sén va dudng hé hai nudc, viéc kiém soat cac thong s6 ky
thuat tré thanh diéu kién bat budc.

Trong xay dung dudng sat téc do cao, té chuc thi cdng
dugc trién khai theo hudng tiéu chudn hoéa va lp lai theo
day chuyén. Cdu kién dugc san xuat trong nha may vdi
quy trinh ¢6 dinh, sau d6 van chuyén ra hién trudng dé 13p
dung. Cach lam nay gitp kiém soat vat liéu, nhiét do va
thai gian thi cdng mot cach n dinh.

D6i vai dam hop duc sdn 32 m, quy trinh san xuat gom
cacbudc: 13p dung c6t thép, d6 bé tdng, dudng hd hoi nudc,
thao khuén, cang c6t thép du ting luc va luu kho. Trong qua
trinh nay, cac thong sé ky thuat dugc kiém soat chat ché.
Thai gian d6 bé tdng dugc khéng ché duéi 6 gid. Bé téng
st dung cap C50. Cot thép sir dung cac mac HRB400 va
HRB500; cap du Uung luc dugc kiém soat vé chénh léch mé
dun dan hoi trong cuing 16 va giira cac 16 san xuat.

Trong giai doan dudng ho, nhiét d6 duoc kiém soat dé
han ché chénh léch nhiét trong tiét dién. Nhiét d6 duéng
ho khong vugt quda 45°C, trong khi nhiét d6 bé tong khéng
vugt qua 60°C. Chénh léch nhiét d6 trong dam dugc khéng
ché& nho hon 15°C. Thao khuén dugc thuc hién khi bé téng
dat trén 60% cudng dé thiét ké va cac diéu kién chénh
léch nhiét d6 dugc bado dam. Qua trinh cang kéo cot thép
du ung luc dugc thuc hién theo cac giai doan: cang so bo,
cang ban dau va cang cudi; trong d6 cang ban dau thuc
hién khi bé téng dat 80% cudng doé thiét k&, con cang cubi
chi thuc hién khi cudng d6 va mé dun dan héi dat 100%
thiét k&, déng thai tudi bé tong khédng nhé hon 10 ngay.

D6i vai tam ban dudng khéng da ba lat CRTS I, quy
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trinh thi cdng gém: chuén bi nén, I4p dung cét thép, cang
trudc, d6 bé téng tdm ban, dudng ho nhiét &m, 14p dattam
ban va thi céng |6p bé téng tu lén. Cac théng sé ky thuat
chinh dugc kiém soat trong sudt qua trinh thi cong. Ty l&
nudc/xi mang nhoé hon 0,35. Bé téng st dung cap C60.
Nhiét d6 d6 bé téng trong khodng 5 - 30°C. Nhiét dé méi
truong thi cong nhd hon 40°C. Thai gian thi cdng mot dot
nhé haon 2 gid. Viéc gidi phéng du Uing luc va thao khuén
dugc thuc hién sau khi bé téng dat yéu cau vé cudng doé
va mé dun dan hoi; sau thdo khuén, tdm ban tiép tuc dugc
duéng hé nudc it nhat 3 ngay, véi téng thai gian gill nhiét
va gilt dm khéng nhé han 10 ngay.

Trong giai doan dudng hd cia tdm ban, nhiét d6 bé
téng dugc kiém soat dudi 55°C, trong khi nhiét d6 duéng
ho dudi 45°C. Qua trinh bién ddi nhiét dé cha yéu dién ra
trong 24 gi& dau sau khi d6 bé tong. Day la giai doan quan
trong, vi trudng nhiét hinh thanh va anh huéng truc tiép
dén bién dang cla cdu kién. Viéc kiém soat nhiét do va
thai gian thi cong nham han ché chénh léch nhiét va giam
bién dang khong dong déu.

Ngoai cac cau kién chinh, cac cau kién duic san khac
nhu: ta vet bé téng hai khdi, tdm chan, lan can va hé théng
thoat nuéc cling dugc san xuat theo phuang thuc cong
nghiép. Ta vet hai khoi sir dung bé téng C60 va yéu cau
khang bang gia dat cap F300.

Nhu vay, khi ap dung cong nghé bé téng duc san va
dudng ho hai nudc, thi cdng khéng chi 1a 1ap dung ciu
kién, ma la qua trinh kiém soat dong bd cac yéu td vat liéu,
nhiét dé va thai gian. Viéc tiéu chuan héa quy trinh va
kiém soat chat ché cac théng sé 1a diéu kién dé bdo dam
chat luong céu kién trong diéu kién san xuat va thi cong
quy moé Ién.

Tom lai, cong nghé ciu kién bé téng duc san két hgp
v@i dudng ho nhiét am gilp rat ngdn thoi gian san xuat,
nang cao muc dé céng nghiép héa va dap Ung yéu cau
thi cong quy mé I6n clia dudng sat téc do cao. Tuy nhién,
qua trinh duéng hé & nhiét dé cao c6 thé lam thay ddi
vi cdu trac, tinh chat co hoc, d6 bén lau va trudng nhiét
trong cau kién. Do do, viéc ap dung céng nghé nay can
di kém vai kiém soat déng bo tu vat liéu, cap phdi, ché dé
duéng ho, chénh léch nhiét d6 dén quy trinh cang kéo,
thdo khuén va dudng ho sau nhiét.

Da6i vai Viét Nam, trong qua trinh nghién ctu va chuin
bi phat trién dudng st t8c dé cao, kinh nghiém nay cho
thdy cong nghé cau kién bé téng duc sdn khong chi la giai
phap rat ngan tién d6, ma con 1a mét hé théong ky thuat
doi hdi nang luc kiém soat vat liéu, cdp phdi, ché dé duéng
hd, chénh léch nhiét do, quy trinh san xuat va diéu kién
khai thac. Néu khéng kiém soat t6t, cac dnh hudng bat Igi
tU nhiét d6 va bién dang cé thé xuat hién trong qua trinh
st dung lau dai.

(Bai viét dugc bién tap, lugc dich ti tham ludn caa tdc gid
ldp ghép cdu kién bé téng duc sdn”, do Hiép héi Bé téng Viét
Nam t6 chic ngady 20/4/2026)
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ho nhlet va phat thai co2

>TS YU CHENG"

Giai phap bé tong lap ghép cho cac du an duong sat téc do cao va cong trinh ham doi
hoi ti€p can mai tu vat lieu dé bao dam hiéu qua téng thé.

rong san xudat ciu kién bé téng duc san - 13p ghép
cho cac du an ha tang quy mé 16n nhu: dudng sat
t6éc do cao va codng trinh ham, yéu cau thao khuon
sém, tang vong quay khudn va bao dam tién do
khién cudng dé sém trd thanh yéu t6 then ch6t. Duéng hd
nhiét 4m thudng dugc st dung dé dap Ung yéu cau nay,
nhung dang boc 16 han ché vé nang luong, chi phi va phat
thai CO,. Piéu d6 dat ra nhu cau phat trién cac gidi phap vat
liéu va phu gia nhdm kiém soat qua trinh thay hoa, nang
cao cuong do sém va giam phu thudc vao dudng hé nhiét.
Ap luc rat ngén tién d6, gia tding quy mo cau kién va yéu
cau giam phat thai dang déng thai dat ra nhing thach thic
mdai déi vGi bé tong duc sdn - 1ap ghép trong cac du an ha
tang quy mo Ién, dac biét la dudng sat téc d6 cao va cong
trinh ham. Trong b&i canh d6, vt liéu bé téng khong chi
phai dat cudng dé cao ma con phai bao dam tinh cong tac
va dé én dinh trong qua trinh thi cong. Diéu nay buéc phai
¢6 nhirng giadi phap mdi, trong dé phu gia khong chi dong
vai tro hé trg thi cdng ma con trg thanh céng cu quan trong
dé ki€ém soat tinh luu bién, qua trinh thay héa, cudng dé
sGm, co ngodt - nut va do bén lau cta bé téng.

DIEM NGHEN CUA TIEN PO VA PHAT THAI

Trong san xudt cau kién bé tong duc sdn - 13p ghép, yéu
cau phat trién cudng dé sém la yéu té then chét. Cudng do
dat cang nhanh thi thoi gian thao khuén cang ngan, vong
quay khuén cang cao, nang suat nha may cang Ién. Vai cac
cau kién nhu ban bé tong dudng sat khéng da ba lat, dam
hoép, d6t (segment) ham, viéc rit ngdn thai gian tur khi dé bé

) Céng ty Vat liéu méi Sobute, Phong thi nghiém trong diém quéc gia
veé vdt liéu cong trinh ha tang quy mé lon (Trung Quoc)

toéng dén khi thao khuon co6 y nghia quyét dinh d6i vdi tién
dé thi cong toan tuyén.

Hién nay, cach phé bién dé dat cudng dé sém la duéng
ho nhiét 4m. Tuy nhién, phuong phéap nay tiéu tén nang
lugng I6n va phat thai cao. Theo s6 liéu ti nghién ctu thuc
nghiém, riéng vai ban bé tong dudng sat khong da ba lat,
nang lugng tiéu thu cho duéng hé cé thé Ién tGi khoang 7,8
kg than tiéu chuan tuang duang cho méi m* bé téng, tuong
duong khodng 19,16 kg CO,/m> Véi quy md hang trém
nghin dén hang triéu m® bé téng trong cac du an dudng sat
téc do cao, lugng phat thai nay la rat 16n.

Khéng chi vay, khi chuyén sang st dung khi tu nhién
thay thé than, chi phi dudng ho c6 thé tang tir 2 - 4 1an. Biéu
nay khién duéng ho nhiét trg thanh mét “diém nghén kép”:
vlia gdy ap luc chi phi, vira khong phu hgp véi yéu cau giam
phat thai.

Néi cach khac, cudng do sém hién nay dat dugc do “tiéu
tén nang lugng”. Pay la mo6 hinh khong con phu hop khi
yéu cau vira phai ddy nhanh qua trinh thi cong, vira phai
giam phat thai.

CAU KIEN LGN HON, BE TONG “KHO TiINH” HON

Song song vai ap luc vé nang lugng la ap luc vé quy
mé cau kién ngay cang I6n. Trong cac du an dudng sat
téc dd cao va cong trinh ham, cau kién bé téng dudc sdn
- 1ap ghép dang c6 xu hudng tang nhanh vé kich thudc,
vGi cac vi du nhu dam hop dai 40 m, tam vé ham cho may
dao khién c6 duong kinh t&i khoang 15,5 m va cac ban bé
tong dudng sat dién tich Idn. Khi quy mé cau kién téng,
bé tébng khéng chi can dat cudng dd cao ma con phai cé
tinh céng tac tét, kha nang dién day khuon 6n dinh, han
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TU CHINH SACH DEN cUOC SONG

ché phan tang - tach nuéc va bao dam chat lugng bé mat
sau hoan thién.

Trudc hét la van dé tinh cdng tac clia hon hop bé tong.
Ho6n hgp bé téng phai c6 d6 luu déng va kha nang dién
day khuon phu hop, dac biét trong cac cau kién c6 mat do
cot thép day hodc hinh dang phtc tap. Dong thai, hén hgp
van phai gitt dugc d6 6n dinh, khong bi phan tang, tach
nudc hodc mat dé déng nhat. Néu tinh cong tac khong
dugc kiém soat t6t, cau kién sau khi thdo khudn cé thé
xudt hién rd bé mat, 16 rdbng bén trong hodc ving bé tong
khéng dac chac, lam suy gidam chat luong va dé bén lau
cGa san pham.

Tiép theo la yéu cau vé cudng do. Cac cau kién bé téng
duc sén - 13p ghép thudng st dung bé téng ti C40 - C60
d6i vGi coc bé tdng, cot dién bé tong; coc PHC hodc cac ciu
kién chiu luc cao, cadp cudng dé cé thé ti C60 trd lén; va
rieng mét s6 (ing dung PHC c6 thé dat C80 - C105. Cudng do
cao doéng nghia véi giam ty & nudc/chat két dinh, tdng ham
luong chat két dinh, tang dé nhét, lam hén hgp bé tong khé
thi cong hon.

Quan trong hon, bé tdng duc san - 13p ghép dap tng ba
yéu cau déng thdi: tinh cdng tac tét (@€ thi cong); cudng d6
s6m (d€ thao khudn nhanh); 6n dinh lau dai (d& bado dam
d6 bén 13u). Ba yéu té nay thudng mau thuan véi nhau. Day
chinh la “nut that ky thuat” cta bé téng duc sén - 13p ghép
hién dai.

KIEM SOAT LUU BIEN: PIEU KIEN TIEN QUYET CUA
CHAT LUONG

Thuc té cho thay, chat lugng cdu kién 1ap ghép khéng
bat dau tur cudng do, ma bat dau tir kha nang thi cong cua
hén hgp bé tong. Néu tinh cong tac khéng dugc kiém soat
phu hgp, bé tong khoé dién day khuén va dé phat sinh ro,
phan tang hoac khuyét tat bé mat, tir d6 anh hudng truc
tiép dén cudng do, d6 bén lau va chat lugng cau kién.

Trong céc nghién clu gan day, viéc kiém soat tinh luu
bién dugc coi la buéc dau tién. Cac co ché nhu hap phu
chon loc gitp cai thién dang ké doé luu ddng ban dau cda
hén hop bé téng, c6 thé ting hon dang ké so véi cap phéi
thong thudng, dac biét khi s&r dung cac vat liéu phuc tap
nhu tro bay, cat nhan tao.

Tuy nhién, van dé khéng chi la “tinh céng tac t6t”, ma
la “tinh cdng tac 6n dinh theo thai gian”. Trong diéu kién
thuc té, hén hgp bé tdng c6 thé suy gidm d6 luu dong sau
30 - 60 phut do qua trinh thay hod. Cong nghé gidi phéng
c6 kiém soat cho phép phu gia phat huy tac dung theo
ting giai doan, nhd doé kéo dai thai gian duy tri d6 luu
dong thém khoang 2 gi¢ trong diéu kién 40°C, dap ung
yéu cau van chuyén xa va thi céng trong diéu kién nhiét
d6 cao.

& quy md 16n, van dé tiép theo la kha nang bom. Véi bé
téng cudng d6 cao, d6 nhét 16n khién viéc bom tré nén khé
khan. Phu gia gidm dé nhét két hgp kiém soét cau truc da cho
phép bé tdng dat kha nang bom t&i 800 m, dong thai van gitr
dugc d6 6n dinh, khong phan tang va ¢ kha nang tu lén.
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Ba nhom gidi phép: tao do luu déng, duy tri d6 luu déng,
va b3o dam thi cong, tao thanh nén tang dé bé tong duc
sén - 1dp ghép c6 thé van hanh & quy mé cong nghiép.

Thay thé dudng ho nhiét bang kiém soat vat liéu

Trong tdm cUa bai toan van la cudng do sém. Thay vi s
dung nhiét, cdc nghién ctru hién nay tap trung vao viéc diéu
khién qua trinh thay hod cGa xi mang & cap vi mé.

Mot hudng tiép can la sir dung vat liéu nano C-S-H dugc
6n dinh bang polymer, trong d6 cac hat nano déng vai tro
nhu “mam két tinh” dé thuc

ddy qua trinh thay héa xi mang va céi thién cudng do rat
sdm. K&t qua cho thay, cudng dé nén va uén & 8 gid c6 thé
tang lan lugt khoang 108% va 121%, cho thdy tiém nang rut
ngan thaoi gian dat cudng dé sém trong san xudt cau kién
ddc sdn ma khoéng can phai duéng ho nhiét 4m.

Bén canh d6, cac phu gia chic nang c6 kha nang thuc
ddy nhanh qua trinh hoa tan khoang clanhke ciing dugc st
dung nhu mét dang “xtc tadc” héa hoc. Nho do, bé tong cé
thé phat trién cudng d6 nhanh trong 24 - 72 gi& dau, dong
thai van duy tri cuong dé lau dai.

Quantronghon, cacphugiasiéudéogbcpolycarboxylate
thé hé méi (PCE) dugc thiét ké & cap do phan td, cho phép
vlia duy tri d6 luu dong, vira thic ddy cudng do sém. Pay la
buéc tién quan trong nham giai quyét mau thuan gila yéu
cau duy tri tinh céng tac ctia hdn hgp bé tong va yéu cau
phat trién cudng dé sém cla cau kién.

Cac két qua thuc nghiém va (ng dung cho thdy, vdi
cac hé bé téng cudng dé cao, c6 thé rut ngén thoi gian
dat cuong d6 sém va gidm phu thudc vao dudng hé nhiét,
trong khi van b3o dam tinh 8n dinh va chat lugng cau kién.

TU KINH NGHIEM SANG MO HiNH

Mot van dé I6n khac clia bé tong duc san - 1ap ghép la
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nut do co ngét. Cac co ché co ngo6t nhu co ngdt nhiét, co
ngot tu sinh va co ngot khoé thusdng xay ra déng thai, dan
dén nguy co nut cao, dac biét vai cau kién 1én.

Thay vi dua vao kinh nghiém, cdc nghién ctu da xay
dung mé hinh du bdo rdi ro nit dua trén cac yéu té nhu
thay hoa, nhiét do, d6 dm, bién dang va diéu kién rang
budc. Hé sé rui ro nit n dugc st dung dé danh gia kha nang
nut, trong dé n < 0,7 dugc coi la an toan.

Trén co s& do, phuong phap thiét ké bé téng chong nut
dugc xay dung theo huéng tich hgp nhiéu yéu t6: vat liéu,
moi trudng, két cau va quy trinh thi cdng. Cach ti€p can nay
cho phép diéu chinh ngay tU giai doan thiét k&, thay vi xt ly
khi su c6 da xay ra.

Song song, cac hé vat liéu giam co ngot, bao gobm phu
gia bu co va phu gia giam co ngét, gitp gidm khoang 20%
co ngé6t kho va 15% co ngdt nhiét, gop phan kiém soat nut
trong toan bd qua trinh.

HUGNG PHAT TRIEN CHO KET CAU HIEU NANG CAO

o] cdp d6 cao han, bé téng siéu tinh nang (UHPC) dang
m& ra hudng ti€p can mdai cho céc cong trinh ha tang. Vai
cudng do nén tir 120 MPa trd [én, tham chi ¢é thé dat dén
228 MPa trong diéu kién dudng ho thudng, do dé cho phép
gidm dang ké kich thudc va trong lugng két cau.

Ngoai cudng d6 cao, UHPC c6 mé dun dan héi Ién
(khoang 70 GPa) va hé sé tu bién thap (dudi 0,4), giup
gidm bién dang va ting 8n dinh lau dai. Khi két hgp v&i
sgi thép va polymer, vat liéu nay con c6 kha nang chiu
kéo t6t hon, tang cudng do déo va han ché lan truyén
vét nut.

Trong thuc té, viéc sir dung UHPC ché tao ban mat cau
da giup gidm khoang 20% lugng thép, 30% trong lugng
két cdu va gidm dang ké phat thai CO,, v6i muc giam phat

thai dugc bao cao téi khoang 25.000 tan CO, trong vi du
Ung dung.

CAU NOI GIUA KY THUAT VAT LIEU VA YEU CAU
CHINH SACH

TU cac phan tich trén cé thé thdy, mét trong nhitng diém
quan trong cutia bé tong duc san - 1ap ghép hién dai nam &
thiét k& vat liéu, dac biét 1a kha nang kiém soat dong thai
tinh cong tac, cudng d6 sdm va nguy ca nut. Néu khong
giai quyét dugc bai toan vat liéu, dac biét la cudng dé sém
va ki€ém soat nut, thi khong thé dat dugc ca tién dé va muc
tiéu giam phat thai.

Cac giai phap hién nay cho thdy mét huéng di ro rang:
thay thé nang luong bang kiém soét vat liéu. Thay vi dudng
hoé nhiét dé dat cudng dé, can thiét ké vat liéu dé thuc day
phan (ng s6m hon. Thay vi xUr ly nit bang kinh nghiém, can
du bao va kiém soat bang mé hinh. Thay vi s&r dung vat liéu
don chic nang, can phat trién phu gia da chdc nang, tich
hop nhiéu vai tro.

Pay chinh la diém giao giia ky thuat va chinh sach. Gidm
phat thai khéng chila van dé nang lugng, ma la van dé thiét
ké vat liéu. Tang nang suat khdng chila té chic thi cong, ma
1a khd ndng phat trién cuding dd sém clia bé téng.

Cac dy an dudng sat téc dé cao thudng cé khéi lugng
cdu kién 1én, yéu cau tién do cao va ap luc giam phat thai
ngay cang rd, viéc chuyén déi cach tiép can vat liéu la diéu
can thiét. Day khéng con la lya chon cdng nghé, ma la mot
diéu kién quan trong dé trién khai hiéu qua cac du an ha
tang quy mo I6n trong giai doan tGi.

(Bai viét dugc bién tdp, lugc dich tir tham ludn caa tdc gia
Idp ghép cdu kién bé tong duc san”, do Hiép hdi Bé téng Viét
Nam t6 chiic ngay 20/4/2026)
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TRO CHUYEN

TS LE QUANG HUNG:

Nganh Xay dung mé duong va dan dat
tang truéng trong ky nguyén mai

NGOC HA (thuc hién)

Viet Nam dang dung trudc ngudng cuia cua mot giai doan lich st quan trong. Muc

tieu tang truong GDP binh quan trén 10% giai doan 2026 - 2030 khong chi la mot con
sO kinh té€, ma la mot ménh Iénh chién lugc dé dua dat nudc thoat khoi bay thu nhap
trung binh. Trong béi canh do, nganh Xay dung khong con dong vai tro “hé tro” don
thuan, ma da tro thanh nganh kinh té mui nhon, di truéc mé dudng va dan dat dong

von dau tu.

BTV Tap chiXay dung da co cuoc tro chuyen voi TS Lé Quang Hung - Chu tich Hoi Bé
tong Vviét Nam, nguyen Thu trudng Bo Xay dung. Cuoc tro chuyen khong chi dling lai
0 nhlng con s6, ma con di sau vao nhung chuyén bién vé cong nghe, quan triva tam

nhin tuong lai.

€ Thua éng, trong cdc bdo cdo kinh té vi mé, nganh
Xdy dung thudng duoc mé td la “c6 mdy kéo”. DuGi géc dé
khoa hoc kinh té, 6ng c6 thé phdn tich ré hon vé kha ndng
dan ddt tdng truéng cia nganh nay khi Viét Nam ddt muc
tiéu GDP tdang trén 10%?

- Ching ta can nhin nhan thuc té&: Khong c6 mét quéc
gia nao phat trién ma khong trai qua giai doan bung né ha
tang. Nganh Xay dung hién déng gép khoang 20 - 25% GDP,
nhung con s6 nay chua phan anh hét vai tro thuc su clia no.
Xay dung la nganh c6 hé sé lan toa (multiplier effect) cuc I16n.
Khi mét dong vén dau tu cong dé vao ha tang, né sé kich
thich tur 1,5 - 2 déng vén ti khu vuc tu nhan va cac nganh
phu trg nhu thép, xi mang, dich vu logistics, bat déng san...

Pai héi Dang lan tha XIV da dinh hinh ré6: Nam 2030 la
ma&c trd thanh nuéc dang phat trién c6 cong nghiép hién dai.
Dé dat GDP dau ngudi 8.500 USD, chiing ta cdn mot “c hich”
dd manh dé thay déi dién mao quéc gia. Ha tang chinh la “hé
tuan hoan” ctia nén kinh té. Néu mach mau giao théng tac
nghén, cac nganh san xudt va dich vu khéng thé luu théng
hiéu qua.
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Khi Chinh ph ddy manh dau tu céng vao cac du én ha
tang I6n nhu San bay Long Thanh hay Cao téc Bac - Nam,
dong tién khéng chi nam 6 khéi lugng bé tong, cot thép ma
no6 ngay lap tdc chuyén hoa thanh thu nhap cho hang triéu
lao dong, Igi nhuan cho doanh nghiép cung Ung va tao ra
“vén méi” dé€ thu hat FDI. Mot quéc gia mudn tang trudng
10% ma ha tang chi tang trudng 5 - 6% la diéu bat kha thi vé
mat vat ly. Ha tang phai di truéc mot budc, véi téc do tang
trudng phai dat it nhat 12 - 15% dé bu ddp cac nat that.

Nhin vao ban dé ha tang hién nay, chidng ta thay mot
su chuyén minh chua titng ¢6 véi nhiing du an chién lugc
quan trong.

Du an Budng bd cao téc Bac - Nam phia Bong sé la truc
“xuong song” quéc gia vai tdng chiéu dai han 2.000 km. Viéc
théng tuyén toan bd vao nam 2025 - 2026 sé rdt ngan thoi gian
van chuyén hang héa, gidm chi phi van tai xuéng mdic ti thiéu.

Cang hang khong quéc té Long Thanh tuong lai gan la
mot “siéu cang” véi cong suat 100 trieu hanh khach/nam.
Pay khong chila moét cong trinh xay dung, ma la mét “thanh
phd san bay”, mét trung tdm trung chuyén qudc té gilp
Viét Nam canh tranh truc ti€p véi Changi (Singapore) hay
Suvarnabhumi (Thai Lan).
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, Dé dan ddt tdng trudng,
nhiing “con séu dau dan” nhu
béo Cd, Viettel Construction,
Coteccons, Hoa Binh... phai
tiép tuc chuyén minh tir “nha
thdu xdy lap” sang “nha phdt
trién du dn” va “nha dau tu
ha tang”.
TS Lé Quang Hung

Du 4n Budng sét tc do cao truc Béc - Nam vdi téng muc
dau tu dy kién hon 67 ty USD mang tinh biéu tugng cua ky
nguyén mdi. N6 doi hdi nang luc xay [ap & trinh d6 hoan toan
khac - trinh d6 clia cdng nghé dudng sat hién dai nhat thé gidi.

€ C6 mét thuc té la ching ta ddu tu rdt nhiéu nhung
hiéu qua chua tuong xi'ng. Chi s6 ICOR cia Viét Nam vdn
& murc cao so véi khu vuc. Ong nhin nhén van dé nay nhu
thénao?

-Dung vay, day Ia mot diém nghén vé quan tri. Chis6 ICOR
(Incremental Capital-Output Ratio) do ludng lugng vén can
thiét dé tao ra mot don vi tang trudng. S6 liéu giai doan 2021
- 2025 cho thdy Chi s6 ICOR clia Viét Nam la 6,4; Indonesia la
5,2; Malaysia la 4,5; Théi Lan a 4,2...

Chi 8 6,4 cho thay ching ta dang phai “tra gia” dit hon dé
¢6 dugc sy tang trudng. Toi cho rang cé nhiéu nguyén nhan.

Thi nhat vé thu tuc hanh chinh. Quy trinh phé duyét du
an kéo dai lam d6i von va mat co hoi kinh doanh.

Thu hai la cong tac gidi phong mat bang. Day la “nat that
cla cac nut that”. Nhiéu du an ha tang 16n nhu cac tuyén
vanh dai tai Ha N6i va TP.HCM bi cham tién dé hang nam trgi
chi vi mat bang.

Th ba la vé nang luc quan ly dy an. Chdng ta thiéu doi
ngd quén tri du an chuyén nghiép theo tiéu chuin qudc té,
dan dén viéc diéu phoi nguon luc bi chéng chéo.

Dé dat muc tiéu 2030, nganh Xay dung phai tién phong
trong viéc kéo ICOR xuéng muc dudi 5,0 théng qua quan tri
s6 va quy hoach tich hop.

€ Nhiéu y kién cho rdng ddu tu'vao xdy dung chi la gidi
phdp tinh thé dé kich cdu. Duéi géc dé khoa hoc kinh té,
éng ddnh gid thé nao vé tinh bén virng cia viéc ldy nganh
Xdy dung lam déng luc dan dat?

-Day la mot cach nhin nhan chua day da. Néu st dung M6
hinh Input-Output cla Leontief, chiing ta sé thdy nganh Xay
dung cé Hé s6 lan toa (Multiplier Effect) thudc hang cao nhat
trong nén kinh té.

Nganh Xay dung tiéu thu sadn phdm cla hon 50 nganh
kinh té khac nhau. Khi gia tri sdn xuat nganh Xay dung tang
thém 1 don vi, né sé kich thich nhu cdu trung gian cla cac
nganh khac tang thém khoang 1,8 - 2,1 don vi.

Tai Viét Nam, c& mbi 1% tang truéng clia nganh Xay dung
sé dong gop truc ti€p khoang 0,2 - 0,25% vao tiang trudng
GDP chung. Tuy nhién, tac déng gian ti€ép théng qua viéc
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hinh thanh tai san cé dinh cho xa héi mdi la gia tri dai han.

Chung ta khéng “dao dudng roi lap lai” dé tao GDP 3o.
Chung ta dang chuyén hoa vén tai chinh thanh vén ha tang.
Khi cao t6c théng, chi phi van tai gidm, gia thanh san pham
giam, stic canh tranh ca nén kinh té€ tang lén. D6 la su dan
dat mang tinh hitu co.

Ngoai ra, Viéet Nam hién c6 chi phi logistics tuong déi
cao, khoang 18 - 20% GDP, trong khi muc binh quan quéc té
chi khodng 11 - 12%. Di€u nay lam tang gia thanh san pham
va gidm suic canh tranh cia nén kinh t&. Mudn giam chi phi
logistics thi ha tang giao théng phai dugc dau tu dong bo va
hiéu qua hon.

€ Ong tirng nhdc dén chi sé6 ICOR. Lam thé nao dé
nganh Xdy dung gitp téi uu héa chi sé nay cho Viét Nam?

- Hién nay, ICOR cua Viét Nam dang & muc khoang 6,4 -
cao hon dang ké so vdi cac nudc dang phat trién hiéu qua
(thudng dudi 4,0). Nganh Xay dung c6 thé kéo chi s6 nay
xudéng bang hai cach:

Mot la rat ngdn thaoi gian thi cdng. Mét du én cham tién
dd 1 nam sé lam “vén nam chét”, khong tao ra gia tri thang
du trong khi lai vay van phat sinh.

Hai la quy hoach tich hgp, tranh tinh trang ha tang chéng
chéo, “dau tu phan tan”. Viéc tap trung nguén luc vao cac
“siéu dy an” nhu San bay Long Thanh hay Budng sat téc do
cao chinh la cach dé tao ra diém bung phat kinh té (Economic
Tipping Point).

THACH THUC VE NHAN LUC VA NANG LUC CUA
DOANH NGHIEP VIET

€ Ong ddnh gid nhu thé nao vé ndng luc cia doanh
nghiép xdy dung Viét Nam truéc yéu cdu méi ciia ddt nuéc?

- Thi trudng xay dung Viét Nam hién phat trién rat manh. Déi
véi doanh nghiép xay lap, vé co ban da dap tng khoang 90%
nhu cau thi trudng trong nudc. Tuy nhién, du khéi lugng céng
viéc I6n nhung Igi nhuan cia doanh nghiép xay lap van thap.

Trudc day, cac cau day vang Ién hay ham xuyén nui déu
phai thué nha thau ngoai (Nhat Ban, Han Qudc, Phap). Hién
nay, Viét Nam da c6 nhiing "con séu dau dan" nhu béo (3,
Viettel Construction, Coteccons, Hoa Binh... da cé thé dam
duong nhirng céng trinh khé nhat. Nhung, dé dan dat tang
trudng, cac doanh nghiép nay phai tiép tuc chuyén minh tu
“nha thau xay 13p” sang “nha phat trién du an” va “nha dau
tu ha tang”.

Hién nay, khoang 30% thi phan tu van cac du an phtic tap
van ndm trong tay cac tap doan nudc ngoai. D€ dat muc tiéu
2030, chung ta can dao tao dugc doi ngl ky su khéng chi gioi
ky thuat ma con phai am hiéu luat phap quéc té, tiéu chudn
Eurocodes va quan tri sé.

€ Con sé thong ké cho thdy, ndng sudt lao déng nganh
Xdy dung Viét Nam van thép, chi yéu dua vao tham dung
lao déng thi céng. Vi du ndm 2025, ndng sudt binh quén
chi la 240 triéu d/nguéi. Tai sao ndng sudt lao déng nganh
Xdy dung Viét Nam van thdp so véi khu vuc, thua éng?
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- T6i cho rang chdng ta can mét cudc cach mang vé thiét
bi thi cong tu déng hoa, robot xay dung va cac phan mém
quan tri ERP chuyén dung dé kéo con s6 nay lén gap 2 - 3 1an
trong 5 nam tdi.

C6 ba nguyén nhan chinh can khac phuc:

Luc lugng lao déng khong chinh thic: Khoang 70 - 80%
lao dong trén cac cong trudng hién nay la lao déng thai vy,
chua qua dao tao bai ban. Ho lam viéc dya trén kinh nghiém
truyén khau thay vi quy trinh ky thuat.

Muic d6 co giGi hoa thap: Ching ta van st dung qua nhiéu
stic ngudi & nhiing khau 1& ra may méc phai lam (nhu uén
thép, tron vira, van chuyén vat liéu nhd).

Quan tri cong trudng lac hau: Viéc diéu phdi vat tu va
nhan luc thudng bi ngat quang, dan dén thai gian "chét" trén
cdng trudng rat 6n.

DPé cai thién van dé nay, ching ta budc phai thuc hién
"chuan héa ky ndng" lao dong xay dung. Méi cdng nhan phai
cé ching chi nghé nghiép thuc thu. Bén canh dé, viéc ap
dung cac moé hinh quan tri tinh gon (Lean Construction) sé
giup loai bo lang phi trong moi khau thi cong.

CONG NGHE VAT LIEU MOI1 VA KY NGUYEN BE TONG
XANH

€ V6ivai tro Cha tich Hoi Bé téng Viét Nam, 6ng ddnh
gid thé nao vé yéu cau chuyén déi xanh déi véi nganh Xdy
dung?

- Pay la yéu cau bat budc néu Viét Nam muén phét trién
bén vitng. Nganh vat liéu xay dung la linh vuc tiéu hao rat
nhiéu nang lugng va phét thai CO, Ién. Riéng nganh xi mang
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Mét quéc gia mué ¢

ha tang chi tang truéng 5 - 6
bdt kha thi vé mdt vat ly. Ha tdng phadi é
truéc mét budc, véi téc dé tdang trudng
phdi dat it nhdt 12 - 15% dé bu ddp cdc
nit that”.

TS Lé Quang Hung

da chiém ty trong phat thai dang ké.

Theo dinh hudéng hién nay, d&n nam 2030 nganh Xay
dung phai gidm khoang 73 triéu tan CO, quy ddi, riéng linh
vuc vat liéu xdy dung |a 50 triéu tan CO, quy déi. Day la nhiém
vu rat khé khan.

Muén thuc hién dugc, ching ta phai phat trién vat liéu
xanh, vét liéu khong nung, tai ché tro xi, st dung nang lugng
tiét kiém va tang hiéu qua sir dung tai nguyén.

Bén canh d6, can thac ddy cong trinh xanh va dé thi xanh.
Mot tda nha tiét kiém nang lugng khong chi gidm phat thai
ma con giam chi phi van hanh trong nhiéu thap ky.

Téi cho rang, trong tuong lai gan, tiéu chuin xanh sé
trg thanh diéu kién bt buéc dé€ doanh nghiép tham gia thi
trudng qudc té va tiép can ngudn vén xanh toan cau.

€ Theo 6ng, su chuyén dich trong nganh vat liéu xdy
dung, ddc biét la bé téng - loai vét liéu chiém ty trong lén
nhdt, sé nhu'thé nao?

- Bé tong la “thuc phdm” clia nganh Xay dung. Du bao
dén nam 2030, nhu cau bé tdng sé dat khoang 200 triéu m3.
Tuy nhién, phuong thic san xudt truyén thong dang d6i mat
vGi dp luc méi trudng khang khiép.

Chung ta dang thuc ddy manh mé 3 tru cot:

Cau kién hoéa va Lap ghép (Precast): Hién ty |é 1ap ghép
cUa Viét Nam chi dat 15 - 20%. Muc tiéu dén 2030 phai dat
trén 35%. Viéc duc sén tai nha may gilp kiém soat chat lugng
tuyét doi, giam 30% thai gian thi cong va han ché t6i da rac
thai cong trudng.

Bé tong cuong do cao (HPC): Cho phép gidm kich thudc

cdu kién, tiét kiém tai nguyén thién nhién nhung van dam
bao kha nang chiu luc cho cac toa nha siéu cao tang hoac cac
nhip cau I6n.

SU dung tro xi nhiét dién: Viét Nam cd lugng tro xi ti cac
nha may nhiét dién rat I16n. Viéc téi ché tro xi lam phu gia cho
xi mang va bé téng khong chi giai quyét bai toan méi trudng
ma con gilp gidm gia thanh san pham.

& cac nuSc phéat trién nhu Nhat Ban ty & Precast (bé tong
dic sdn) trong xay dung dat trén 40%. G Viét Nam, ching ta
van chu yéu d6 bé toéng tai ché (in-situ), phu thudc vao thai
tiét, sé khién hao hut vat liéu 16n, chat lugng khong déng
déu. Theo t6i, thai gian t&i, nganh Xay dung phai chuyén dich
manh sang mé hinh “xay dung tai nha may, lap rap tai cong
trudng”. Diéu nay khong chitang nang suat lao dong 1én 2 -3
Ian ma con giup kiém soat chat ché cac chi s6 méi trudng.

'CHUYEN D01 SO - TU BAN VE GIAY DEN “BAN SAO
SO”
€ Chuyén déi s6 thuong duoc nhdc dén nhu mét "phép
mau". Trong nganh Xdy dung, viéc nay dang dién ra ra sao
thua 6ng?
- Chuyén déi s6 khéng phai la trao luu, d6 1a su sinh ton.
Cong cu cot 16i & day chinh la BIM.
BIM khong chi la ban vé 3D. N6 la mét hé théng quan ly
théng tin xuyén sudt vong doi cong trinh:
« BIM 4D: Tich hgp tién do thi cong.
« BIM 5D: Tich hgp chi phi va du toan.
« BIM 6D/7D: Quan ly van hanh va bén viing moi trudng.
L6 trinh ap dung BIM bat budc d6i véi cac du an sir dung
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MOT SO MOC QUAN TRONG PEN NAM 2030

Linh vuc

Muc tiéu/Chi tiéu

Trang thai hién tai (2025-2026)

Pudng bo cao téc 5.000 km

~2.200 km

Budng sét toc do cao

Khai cong toan tuyén Bac - Nam

DPang hoan thién bao cao tién kha thi

Nha & xa hoi

1 triéu can ho

Pang trién khai manh mé cac goi tin dung

Gidm phét thai CO, 50 triéu tan

Pang thuc hién kiém ké khi nha kinh

Ty lé do thi hda Trén 50%

~43%

von dau tu cong da dugc Chinh phl phé duyét. Diéu nay sé
giup gidm thiéu sai sot trong thiét k&, tranh tinh trang “vira
lam vira sta” - vén la nguyén nhan gay lang phi hang ngan ty
déng méi nam.

BIM cho phép ching ta xdy dung mot “ban sao s6” cla
céng trinh trén may tinh trudc khi dat vién gach dau tién.
Nghién ctu cla Stanford cho thay ap dung BIM c6 thé gitp
gidm 40% céc thay déi khdng mong mudn trong qua trinh thi
cbng, sai s6 du toan chi con dudi 3%, va tiét kiém 10% téng
thai gian du an.

Tai Viét Nam, hién nay, Chinh pha da c6 16 trinh bat
budc ap dung BIM. Tuy nhién, thach thic I6n nhat la tinh
Interoperability (kha nang tuong tac dir liéu) gitta cht dau tu,
nha thau va cg quan quan ly nha nudc. Ching ta can mét hé
tiéu chuan sé théng nhat.

€ Trong tién trinh xdy dung, Ha Néi va TP.HCM dang
ngat thé vi in tdc va 6 nhiém khéng khi. Nganh Xdy dung
dong vai tro gi trong viéc tdi cdu tric khéng gian dé thi,
thua é6ng?

- Xay dung khong chi la tiing toa nha don 1é, ma la hé sinh
thai dé thi. Viéc tich hgp BIM véi GIS (Hé thong thong tin dia
ly) sé tao ra cac do thi thong minh. Vi dy, tai TP.HCM, néu c6
hé théng dir liéu s6 vé ha tang ky thuat ngam (dién, nudc,
vién thong), ching ta sé khéng con canh “hém nay rai nhua,
mai dao 1én lam céng”. Day chinh la cach giam ICOR hiéu qua
nhat.

Khi xay dung mot cay cau hay mot tda nha, chidng ta dong
thai tao ra moét ban sao ky thuat s6 ctia né. Ban sao nay tich
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hop céc cdm bién loT dé theo d6i d6 vong, vét nit hay muc
tiéu thu nang lugng theo thdi gian thuc. Day chinh la nén
tang ctia D6 thi thong minh (Smart City). Viét Nam khéng thé
xay dung dé thi thong minh trén nén tang ho so gidy.

Xay dung khong chi la xay nha, ma la tao ra khong gian
s6ng. Viét Nam dang d6i mat vai tinh trang doé thi hoa tu
phat, dan dén ngap lut tai cac d6 thi ln nhu Ha Noi, TP.HCM
va Can Tho.

Quy hoach trong giai doan téi phai dua trén nén tang
TOD (Transit Oriented Development) - phat trién dé thi lay
dinh hudng giao thong cong cdng lam trung tam. Cac khu d6
thi méi phai gan lién véi cac ga Metro, cac nut giao cao téc dé
gidm ap luc giao thong ca nhan.

Do thién tai chiém t&i 1 - 1,5% GDP mdi nam, nganh Xay
dung phai tién phong trong viéc thiét lap cac tiéu chuin xay
dung khang chan, chéng bao va cac giai phap ha tang “dé thi
x8p” (Sponge City) dé gilr va thoat nuc thong minh.

Chung ta phéi chuyén tir mé hinh dé thi “vét dau loang”
sang mo hinh d6 thi nén theo dinh hudng giao thong cong
cdng (TOD).

€ Ong c6 nhdc dén mé hinh TOD. Ddy c6 phdi la I6i gidi
cho tinh trang un tdc va ngdp tng tai cdc siéu dé thinhu Ha
Néi hay TP.HCM?

- Chéc chan. TOD la mé hinh phét trién dé thi ldy dinh
huéng giao théng cong cdng lam trung tam.

Cau héi dat ra la, tai sao cac tuyén Metro clia ching ta
hién nay gdp kho khan vé tai chinh? Vi chidng ta méi chi xay
“dudng ray” ma chua khai thac “gia tri gia tang ti dat” xung
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TS Lé Quang Hiing sinh ném 1962, qué qudn: Ha Hoa, tinh Phd Tho; tét

nghiép dai hoc va hoc vi tién si tai Tiép Khdc cd, chuyén nganh ky thudt

xdy dung.

Ong c6 nhiéu nam céng tdc trong linh vuc nghién citu, quan ly chét luvong
céng trinh va vat liéu xdy dung tai Bé Xay dung: Tirnam 1988 - 2003 c6ng
tdc tai Vién Khoa hoc Cong nghé xady du'ng; Tir 2003 - 2014 la Pho cuc
truéng, Cuc truéng Cuc Gidm dinh Nha nuéc vé chdt lugng céng trinh xdy
dung. Tirthdng 8/2014 la Thir truéng Bé Xdy dung. Cuéi ném 2022 éng

nghi huu theo ché dé.

Trong thai gian giir cuong vi Thirtruéng Bé Xdy dung, 6ng phu trdch
nhiéu linh vu'c quan trong nhu qudn ly chét lugng céng trinh xéy dung,
hoat déng dau tu xdy dung, gidm dinh chdt luong, an toan lao déng
nganh Xdy dung va phdt trién khoa hoc céng nghé xdy dung.

Ngodai ra, 6ng ciing tham gia hoat déng déi ngoai va héi nghé nghiép,
tirng la Cha tich Héi hitu nghi Viét Nam - Angeri, thanh vién Héi déng Tu
vdn chinh sdch caa Thia tuéng Chinh phi (2024-2026).

Hién éng la Cha tich Héi Bé téng Viét Nam, Chu tich H6i Hitu nghi Viét

Nam - Slovakia nhiém ky 2023-2028.

quanh cac nha ga(?)! Trong khi d¢, tai Tokyo hay Hong Kong,
cac tap doan dudng sat séng bang bat déng san va dich vu
tai nha ga chir khong chi bang vé tau.

Vi Viét Nam, néu ching ta quy hoach cac khu d6 thi nén
xung quanh nha ga Metro trong ban kinh 500 - 800 m, sé
giup gidam nhu cdu xe c& nhan, tang hiéu qua st dung dat va
tao nguén thu dé tai dau tu ha tang.

Bén canh d6, bién dé&i khi hau dang khién nudc bién dang
va cac tran mua cyc doan tré nén thudng xuyén hon. Nganh
Xay dung phai thay déi tu duy tir “chéng lai thién nhién” sang
“thich ing”. Thay vi xay dé that cao va céng that I6n, ching ta
xay dung cac cong vién ngam, cac bé mat tham nudc, ho diéu
hoa dé gitt nudc lai khi mua 16n va tai st dung khi khé han.
Chéng han, Can Tho va cac dé thi ven bién mién Trung dang la
nhirng dia ban thr nghiém quan trong cho mé hinh nay.

€ Thua 6ng, néu diing mét tir dé€ mé ta vé nganh Xay
dung Viét Nam trong 5 - 10 nam téi, 6ng sé ding tur gi?

- Toi sé dung tu “But pha”. Nganh Xay dung khong chi la
nhirng khéi bé tdng kho khéc. D6 1a nghé thuat td chiic khong
gian s6ng, la xuong séng clia nén kinh té va la bi€u tugng cho
stiic manh quéc gia. Khi ching ta xay dung dugc nhiing con
dudng cao téc chay doc chiéu dai dat nudc, nhiing san bay
hién dai bac nhat khu vuc, nhiing dé thi thong minh chéng
chiu dugc bién déi khi hau, d6 la luc chung ta tao ra nén tang
viing chac nhét cho gidac man thinh vugng nam 2045.

Tuy nhién, con dudng phia trudc con nhiéu luc can. Luc
can 16n nhat khong phai la thiéu von, ma la dinh muc kinh té
ky thuat ca ky va tu duy quan ly theo ki€u “xin - cho”. Chiing

ta cdn mot cudc cach mang vé thé ché trong nganh Xay dung
dé giai phong moi nguén luc xa hoi.

€ Sau cung, 6ng c6 théng diép gi giri dén cdc doanh
nghiép va nhitng ngudi lam nghé xdy dung trong giai
doan buéc ngodt nay?

- Nganh Xay dung Viét Nam dang dung truéc moét “van
hoéi” I6n. Chang ta c6 thi trudng noi dia khéng 16 tir dau tu
cdéng, c6 nhitng doanh nghiép tu nhan day khat vong va mot
Chinh ph( quyét liét hanh dong.

Tuy nhién, “di trudc ma dudng” cling déng nghia vai viéc
phai chap nhan d6i mat véi nhiing khé khan chua cé tién |é.
Doanh nghiép khéng thé mai lam theo cach ci ma ky vong
két qua mdi. T6i ky vong vao moét thé hé doanh nghiép xay
dung Viét Nam:

Lam chd cong nghé 16i: Khong chi diing lai & thué may,
thué mudén cong nghé ngoai.

Quan tri minh bach: P& gidm chi s6 ICOR, tang niém tin
cho cac nha dau tu.

Tu duy Xanh: Vi d6 1a tdm hé chiéu dé nganh Xay dung
Viét Nam budc ra thé gidi.

Ha tang di trudc, kinh té theo sau. Néu ching ta xay dung
dugc mot hé théng ha tang hién dai, ddng bd va thong minh,
muc tiéu tang truéng 10% khong phai la diéu bat kha thi.
D6 chinh la nén tang dé Viét Nam vuon minh, trd thanh mét
quéc gia thinh vugng vao nam 2045.

€ Trdn trong cam on 6ng vé cuéc tro chuyén day tdm
huyét va nhitng géc nhin chuyén séu nay!
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GOC NHIN

Am anh rac thai pin xe dién!

NGUYEN HOANG LINH

Quoc hoi da biéu quyét thong qua viéec keo dai thdi gian uu dai thué vai xe dién dudi
24 chd dén hét nam 2030, tuy nhién, mot diéu lo lang van am anh duoc thé hién trén
nghi truong, do la rui ro 6 nhiém moi truong tu pin xe dién khi hu hong hoac hét han

su dung.

Trong chién lugc chuyén ddi giao théng xanh, viéc tiép
tuc phat trién xe 6t6 dién c6 gn dong ca chay bang pin dugc
xac dinh la mét trong nhitng giadi phap quan trong nham
giam phat thai khi nha kinh, gidam 6 nhiém méi truong do thi
va tling budc thay thé phuang tién sit dung nhién liéu hoa
thach theo cac muc tiéu, cam két qudc té ctia Viét Nam

Con s6 thong ké cho thay, nho uu dai thué tiéu thu dac
biét, tir ngay 01/3/2022 dén hét nam 2025, téng lugng xe 6t6
gan déng co dudi 24 ché chay bang pin nhap khiu va san
xudt trong nudc da tang tur 7.663 chiéc (nam 2022) 1én 179.316
chiéc (ndm 2025). S6 thu ngan sach nha nudc déi véi nhém xe
nay tang tu 213,38 ty déng Ién 2.371,97 ty déng.

Vé&i nhing két qua kha quan nhu vay, Quéc héi da gia han
uu dai thué tiéu thu dac biét déi vai xe c6 gan déng co dudi
24 chb chay bang pin va cho rang day la giai phap can thiét
va cap thiét trong béi canh hién nay.

Chéng han, d6i véi xe 6td6 chd ngudi va xe chd ngudi 4
banh cé gan déng co tir 9 cho trd xudng, xe 6t6 pick-up (ban
tai) chd ngudi dp dung thué sudt thué tiéu thu dac biét 3%
dén hét ngay 31/12/2030, tir 01/01/2031 ap dung muc thué
suat thué tiéu thu dac biét 11%. Hodc nhu véi xe 6t6 chd
ngudi va xe chd ngudi 4 banh c6 gan déng co tir 10 dén dudi
16 ch6 ap dung thué suat thué tiéu thu dac biét 2% dén hét
ngay 31/12/2030, tir 01/01/2031 4p dung muic thué suat thué
tiéu thu dac biét 7%...

Tuy nhién, trong cac phién thao luan tai nghij trudng,
khéng it dai bi€éu Quéc hoi da lo ldng.

Dai biéu Doan Hung Va luu y rdi ro & nhiém mai trudng
t pin xe dién khi hu hong hodc hét han st dung. Theo 6ng,
chinh séch khuyén khich tiéu dung can di kém phat trién
ha tdng tram sac, hoan thién ha tang ky thuat va thuc day
chuyén giao cong nghé sdn xuat pin than thién véi moi
trudng. Ong dé nghi bé sung quy dinh bit buéc doanh
nghiép san xudt, 13p rap, nhap khau xe dién phai thu hoi, tai
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ché pin da qua s dung, d6ng thai xdy dung hé théng thu
gom, x{t ly chuyén nghiép. Cung véi d6, can c6 co ché khuyén
khich dau tu nghién ctiu cong nghé tai ché, thay thé cac loai
pin cong nghé ci bang pin thé hé méi an toan hon, tranh
nguy cd phat sinh dang 6 nhiém méi trong qua trinh x ly.

Dai biéu Nguyén Thij Viét Nga (ng ho chinh sach uu dai
thué gitip gidm phu thudc vao nhién liéu héa thach va tao su
6n dinh cho thi trudng nhung cho réng, chinh sach chi phat
huy hiéu qua khi dugc trién khai dong bé véi ha tang tram
sac, nang luc cha ludi dién phan phéi, giai phap x ly pin thai
va nang ty lé néi dia héa...

TU thuc tién, cac chuyén gia déu chung mot nhan dinh
rang, pin xe dién déc hai va khé tai ché.

Pa s6 pin 6t6, xe may dién hién nay dugc tao thanh tu
lithium-ion, mét vat liéu c6 tinh dan dién cao nhung cling rat
dé chay va cuc ky doc hai, cing véi cac chat khac nhu coban,
niken... Cac nghién ctu y té€ cho thay, coban dugc coi la chat
c6 thé gay ung thu, dac biét 1a khi hit phai bui coban trong
qua trinh san xuat. N6 gay ra cac bénh vé hé hap (viém phdi,
hen suyén) va tim mach. Niken la mét trong nhiing kim loai
gay di ing phé bién nhat, gay viém da khi ti€p xuc. Hit phai
bui niken ¢ thé dan dén ung thu phéi, viém xoang va céac
van dé nghiém trong vé ho hap. Co thé ngudi khi tiép xuc véi
lithium hodc nuét phai néng dé cao c6 thé gay ngd doc cap
tinh, anh hudng nang dén hé than kinh trung uang...

Khi nhitng vién pin nay dugc thai loai khong dung cach,
nhiing hoa chat déc hai nay ¢ thé thdm vao dat va nuéc, lam
0 nhiém tai nguyén thién nhién trong nhiéu nam.

Ngoai nhirng van dé nghiém trong vé sutic khde, chat
thai tU pin con thai ra mot lugng 16n khi nha kinh. Theo d6,
khoang 20 - 30 nghin tan CO2 dugc thai ra trén moi gigawatt
gid cdng suat pin dugc tao ra.

Theo mét nghién ctu ctia Co quan Nang lugng Qudc té
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(IEA), d@&n nam 2035, sé c6 hon 11 triéu tan pin lithium-ion bi
loai bo, tang gap 10 1an so véi s6 liéu hién nay. Diéu nay cho
thay, cac quéc gia can tim ra cac phuong phap tai ché pin
bén virng nham gidm thiéu tac dong bat Igi clia pin xe dién
dén moi trudng.

Thong thuang trén thé gidi hién nay, co 3 giai phap xur ly
pin xe dién sau khi hét vong dai st dung.

Thi nhat, tai s dung dé cung cdp nguén dién cho cac
may moc, thiét bi khac, bai ngay ca khi hét han st dung, pin
van c6 thé luu trir d&n 70% nang lugng.

Thu hai, tai ché pin ci dé tao ra pin mai.

Thu ba, truc ti€p thai loai pin bang hinh thic chén lap.

Tuy nhién, cac giai phap tai ché pin hién nay c6 yéu cau
chi phi rat cao, chua dem lai Igi nhuan thay ré6 cho doanh
nghiép. Mét nghién cttu cho thay, hon 90% pin hét han dugc
tai ché bang phuong phap d6t nung, gay lang phi mét lugng
I6n nguyén liéu, trong d6 c6 ca cac nguyén liéu quy hiém.
Chi gan 10% pin dugc chiét xudt nguyén liéu riéng |& dé tai
st dung.

TAM NHIN XA 10 - 15 NAM VA “3 VONG LUAN HOI”

C6 thé nhiéu ngudi bat ngd khi biét rang, Chinh phad vira
mdai cho phép ty & tai ché bat budc (EPR) vai pin xe dién va
hybrid gidm vé 0% cho dén thdgi diém 16 trinh diéu chinh tiép
theo du kién vao 2029. D6 la mét phan ndi dung trong Nghi
dinh s& 110/2026/ND-CP quy dinh chi tiét thi hanh mét sé
diéu cta Luat Bado vé méi trudng vé trach nhiém tai ché san
pham, bao bi va trach nhiém xU ly chat thai cla nha san xudt,
nhap khau.

Theo dé, ta c6 thé hiéu rang cac nha san xuat va nhap
kh3u 6 to dién tai Viét Nam nhu VinFast, Toyota... tam thdi
trong giai doan tir nay dén 2029 chua phai thuc hién nghia vu
thu gom va tai ché pin dién.

Clng c6 ly do ctia n6. Theo phan tich cla cac chuyén gia,
xe dién dang st dung tai Viét Nam hién con mdi, da s6 mdi
1an banh vai nam, trong khi tudi tho pin trung binh ciing
dugc nang cao tt 8- 12 nam Ién 10 - 15 ndm. Do d¢, hién Viét
Nam chua 6 lugng pin thai du 16n dé van hanh cac nha may
tai ché mét cach hiéu qua. Cung vai dé, pin xe dién khi xuéng
cap & muc 70 - 80% van c6 thé dugc dung lam hé théng luu
trit nang lugng (BESS) thém hang chuc nam trudc khi can tai
ché thuc su, nghia la ¢6 thé uu tién tai st dung. Chung cé
thé cung cdp ndng lugng cho nhiing chiéc xe nhé han, hoac
tham chi c6 thé du tr{t ndng lugng cung cap anh sang cho ca
moét thi trdn, khong nhiing khong de doa t6i méi trudng nhu
lo ngai clia nhiéu ngudi ma ngugc lai con hé trg rat I6n cho
cong cudc chuyén déi nang lugng xanh.

Tai Viét Nam, dugc biét hién mai chi co VInES (nay da sap
nhéap vao VinFast) Ia doanh nghiép san xuat pin xe dién, dong
thdi cling la cong ty chuyén tai ché pin xe dién dugi hinh
thiic hgp tac dau tu.

Ngay tir khi chuyén huéng san xuat xe thuan dién, VinFast
da sé6m chuan bi mot 16 trinh bai ban dé xu ly pin xe dién,
dam bao chung khong trd thanh rac thai doc hai. Chién lugc
clia doanh nghiép nay tap trung vao 3 giai doan chinh:

Di Nha nuéc chua bdt buéc ty Ié
tdi ché nhung véi tdm nhin 10 - 15
ndm va xa hon nita, Vinfast van
chi déng xdy dung “3 vong ludn
héi” cho pin dién dé vira bdo vé
méi truéng, vira téi uu héa chi phi
nguyén liéu dat dé”.

Giai doan dau tién la thu hoi va quan ly (vong dai tha
nhat). VinFast cam két bao hanh pin Ién dén 8 - 10 nam. Trong
giai doan khach hang con thué pin, néu dung lugng pin
xudng dudi 70%, hang sé chiju trach nhiém déi pin méi cho
khach. Théng qua viéc quan ly tap trung (thué pin hodc ddi
pin xe may dién tai tram), VinFast c6 thé kiém soat hoan toan
lugng pin cq, tranh viéc ngudi dan ty'y vut bé ra maoi trudng.

Giai doan thu 2 la tai st dung (vong dai thu hai). Trudc
khi dem di tai ché hoa hoc, pin cli cla VinFast sé dugc tan
dung lai. Hang da hop tac véi Marubeni (Nhat Ban), ky bién
ban ghi nhé dé nghién clu sén xudt hé théng luu tri nang
lugng BESS tu pin xe dién ch. Nhi{tng vién pin khéng con du
hiéu nang chay xe sé dugc lap ghép thanh cac tram tich tri
dién lugi, tram sac xe dién, hodc nguén dién du phong cho
cac nha may.

@ giai doan 3 1a tai ché hoan toan (vong ddi cudi), khi pin
khéng con kha nang luu trit dién hiéu qua cho cac hé théng
BESS, VinFast sé ti€n hanh tai ché. Tu 03/11/2022, VinES da
hgp tac vdi Li-Cycle vé tai ché pin lithium. Theo théa thuan,
Li-Cycle sé cung cap nhiing giai phap tai ché trén quy moé
toan cau cho VinFast. Cac cdng nghé tai ché pin lithium-ion
bén viing va dugc cap bang sang ché cla Li-Cycle, bao gém
cdng nghé Spoke & Hub, 1a nhom giai phap phu hgp vé ca
quy mé lan muc tiéu déi vai kha ndang san xuat va ké hoach
cla VinFast.

Nhu vay, du Nha nudc chua bat budc ty 1é tai ché nhung
vGi tam nhin 10 - 15 ndm va xa hon nira, Vinfast van chi déng
xay dung “3 vong luan héi” nay dé vita bao vé méi trudng,
vlia t6i uu hoa chi phi nguyén liéu dat do.
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BO SACH “CONG NGHE O TO DIEN”:

Hé thong hoa kién
thuc tu su dung
an toan dén cong
nghé nén tang

> AN NHIEN

B0 sach gom 3 quyén, cung cap hé thong kién thuc

tu nhan dién, su dung an toan, cong nghé truyen
dong dén khung gam, ngudn nang lugng, quan ly
hang lugng va giao ti€p 6 to dien.

i€n ddi khi hau dang la van dé cap bach toan cau,

dat ra yéu cau chuyén déi manh mé trong nhiéu linh

vuc, trong do6 c6 giao thong van tai. Trong béi canh

dé, chuyén déi tir phuong tién st dung déng co dét
trong sang phuong tién than thién hon véi moéi trudng, dac
biét la 6 té dién, dang trd thanh xu hudng tat yéu.

O t6 dién gém: 6 t6 thuan dién va & t6 dién lai, khéng chi
la gidi phap gidm phat thai trong giao thong, ma con la thanh
t6 quan trong cla hé théng giao théng théng minh. Nhiéu
qudc gia, trong d6 o6 Viét Nam, da va dang xay dung chién
lugc, chinh séch thic ddy phat trién phuong tién giao théng
dién hoa.

Cung véi xu hudng nay, cdng nghé 6 té dién phat trién
nhanh, tap trung vao cac nhom céng nghé nén tang nhu:
nhan dién va st dung an toan, céng nghé truyén déng, khung
gam, ngudn nang lugng, hé théng quan ly nang lugng, mang
giao ti€p va cong nghé ho trg lai xe thong minh.

B0 sach “Cong nghé té dién” dugc bién soan nham cung
cap hé théng kién thic co ban va chuyén sau vé loai hinh
phuong tién dang phat trién manh mé nay. B6 sach gém 3
quyén, dugc xay dung theo hudng ti nhan dién, st dung an
toan dén cédng nghé truyén déng va cac hé théng ky thuat
nén tang cla 6 t6 dién hién dai.

Quyén 1, nhan dién va st dung 6 t6 dién an toan, tap
trung vao nhiing kién thiic co ban gitip ngudi doc nhan dién
dac diém cha 6 t6 dién, hiéu cac yéu cau an toan trong qua
trinh st dung, van hanh va ti€p can loai hinh phuong tién
mdi. Day la ndi dung nén tang, phu hgp véi ngudi dung, sinh
vién va cac déi tugng budc dau tim hiéu vé 6 t6 dién.

Quyén 2, cdng nghé truyén dong 6 t6 dién, di sdu vao hé
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thong truyén déng, mot trong nhiing noi dung ky thuat cot
16i chia 6 t6 dién. Quyén sach giup ngudi doc ti€p can cac van
dé vé cau truc, nguyén ly va cdng nghé truyén luc, qua dé
lam rd su khac biét gitta phuong tién st dung dong co dot
trong truyén théng va phuong tién dién hoa.

Quyén 3, khung gam, nguén nang lugng, hé théng quan
ly nang lugng va giao tiép & t6 dién ti€p ndi hai quyén trudc,
déng thai hoan thién thém hé théng ndi dung vé céng nghé
6 td dién. Quyén sach tap trung vao cadc nhém coéng nghé
nén tang c6 vai tro quyét dinh dén hiéu suat, dé an toan, kha
nang van hanh va xu huéng phat trién cta 6 té dién théng
minh trong tuong lai.

Néu Quyén 1 gitlip ngudi doc tiép can 6 td dién tir goc do
nhan dién va st dung an toan, Quyén 2 tap trung vao coéng
nghé truyén déng, thi Quyén 3 ma rong sang cac hé théng
ky thuat c6 tinh nén tang va lién két cao hon, gém khung
gam, nguén nang lugng, quan ly nang lugng va giao tiép dir
liéu. 3 quyén sach tao thanh moét chinh thé tuong déi hoan
chinh, giip ngudi doc ti€p can cdng nghé 6 t6 dién tir ca ban
dén chuyén sau.

Trong bé8i canh céng nghé 6 té dién thay déi nhanh, b
sach “Céng nghé 6 t6 dién” la no luc hé théng héa kién thic
chuyén nganh, gép phan cung cap tai liéu hoc tap, nghién
ctru va tham khao cho qua trinh dao tao, ti€p can va ing dung
c6ng nghé 6 t6 dién tai Viét Nam. 3 quyén sach phan anh xu
huéng chuyén déi cila nganh giao théng van tai theo huéng
dién héa, thdng minh va than thién han véi méi trudng.

B0 sach dugc bién soan bai TS Nguyén Hung Manh (Cha
bién) cung cac cong su. NXB Xay dung phat hanh dugi dang
ban in va ban dién tl (ebook).












































































































































































































































































































































































































NGHIEN CUU KHOA HOC

2.3. Ludi tinh toan

Ludi tinh toan dugc cau truc theo dang hén hgp (hybrid mesh)
nham t&i uu hoa dé chinh xac va hiéu qua thoi gian chay mo phoéng,
nhu minh hoa trong Hinh 3.Toan bd mién tinh toan dugc chia thanh
khoang 27.400 phan ttr khi L/D <3 dén 37.400 phan t khi L/D> 4.
Kich thudc phan ti dugc kiém soat chit ché: Pat gia tri nhé nhat
khoang 0,0196 m tai khu vuc sat bé mat cac hinh tru va tang dan
dén t6i da khoang 0,155 m & cac bién xa. Tai bé mat try, hé théng
lugi bién (inflation layers) gdbm cac I6p phan tir t& giac min dugc
thiét lap dé giai quyét triét dé su bién thién van toc trong 16p bién.
Vung khe hé va vung xody phia sau dugc lam min cuc bé dé bét
chinh xéac su hinh thanh cac cau trac xoay.

a)

b)
Hinh 3. Cau tric ludi tinh todn: a) - Ludi toan mién; b) - Chi tiét ludi va Idp bién tai
bé mat tru
2.4. Cac théng sé dac trung
Dé& déanh gia tadc dong clia dong chay Ién hé try, hé s luc can
khong thit nguyén (C)) dugc trich xuat tir két qua moé phong. Cong
thuic xac dinh nhu sau [8]:
(3)

Trong dé: F, la téng luc tac dung lén bé mat tru theo phucng
song song vd&i dong chay; cac tham sé khac da giai thich & trén.

Cac gia tri C, dugc khao sat cho mét tru don, tru truéc C,, va
trusau C,

3. KET QUA VA THAO LUAN

3.1. Kiém dinh mé hinh va phan tich dé nhay cua luéi

Nghién ctu thuc hién kiém ching mé hinh trén trudng hop
try tron don. Tién hanh phan tich d6 nhay cda ludi véi 3 kich c& ludi:
30 mm, 19,6 mm, 9,8 mm. K&t qua cho thay, khi kich thudc phan tu
giam xuéng dudi 19,6 mm, cac théng s6 thay dong luc hoc bat dau
hoi tu va sy thay d&i vé hé sé luc can it. Do d6, nghién ctiu lua chon
kich thudc lugi 19,6 mm.

Hé s6 luc can thudng dugc chon lam tiéu chudn dé kiém
chiing d6 chinh xac ctia céc mé hinh s6 dong chay bao quanh hinh
tru. Trong nghién clru nay, tac gia st dung théng sé trén dé kiém
dinh mé hinh théng qua viéc so sanh véi cac dit liéu chudn da cong
bé nhu trong Bang 2.
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Bang 2. So sanh hé s6 luc can (C)) clia tru don lé tai s6 Re = 100.

Hé sé can

Nguon tai liéu cd

Phuong phap

Tritton (1959) [10] Puong cong thuc nghiém 1,31

Lam va cong su (2008) [11] Mé phéng s6 1,36
Meneghini va cong sy (2001) [12] | M6 phdng s6 1,37
Nghién ctu nay M6 phéng sé 1,50

Du tén tai nhing sai léch dinh lugng nho do dac thi cda diéu
kién bién va gidi han ciia mo hinh 2D, cac ddc trung hinh thai dong
chay van thé hién sy tuong déng chit ché vdi cac quy luat ly thuyét.
Su nhat quan nay khdng dinh d6 tin cdy clla mé hinh sé, tao tién dé
viing chac cho cac phan tich chuyén sau vé tuong tac vung thiic va
hién tugng budc nhay luc can trén hé tru ndi ti€p trong cac phan
ti€p theo.

3.2. Anh huéng ciia ty sé khoang cach dén hé sé luc can

Dac tinh thay déng luc hoc ctia hé hai tru néi tiép tai Re = 100
thé hién su nhay cdm ré rét véi ty s6 khodng cach L/D, dugc minh
hoa chi tiét qua dién bién cla cac hé sé luc can trong Hinh 4.

Hinh 4. Su bién thién clia hé s6 luc can (C)) theo khodng cach tuong ddi (L/D) tai Re
=100

- Hé s6 can cda tru trudc(C,,): K&t qua chi ra mét quy luat phi
tuyén tinh dang cha y. Gia tri C,, khong tang ngay ti dau ma giam
nhe tir 1,399 (tai L/D = 2) xuéng muc cuc tiéu 1,379 (tai L/D = 3). Hién
tugng nay cho thdy & khoang cach hep, tru sau déng vai tro nhu
mot bd phan kéo dai vung xoay cuda tru & thugng luu, lam giam luc
can tac déng lén tru thugng luu. Khi khoang cach tiép tuc tang (L/D
= 4), C,, phuc héi nhanh chéng va dat trang théi 6n dinh & mic 1,55
tr méc L/D = 8, tiém can gia tri cia mét tru don doc lap.

- Hé 56 can clia tru sau (C,): Tru ha luu chiu anh hudng phtic
tap hon bdi hiéu tng che khuat. Tai L/D = 2, hé s6 luc can trung
binh nhan gia tri am (C,,= - 0,034) véi bién d6 dao dong bang 0,
minh ching cho su tén tai clia luc ddy ngugc 6n dinh hudng vé phia
thuong luu. Dac biét, két qua chi ra mot “budc nhay luc can” doét
ngot khi khodng céch chuyén tir L/D = 3 sang L/D = 4, khién gia tri
trung binh C_, vot tir 0,055 1&n 0,790.

- Béc tinh dao dong clia hé s6 C,,: Diém dang chu y nhat trén
d6 thi la su thay d6i bién do dao déng tai méc qua dé L/D = 4. Tai
day, dai gia tri luc can trai réng tu cuc ti€u 0,319 dén cuc dai 1,168,
danh ddu su mat 8n dinh cuc dé cla cdu tric dong chay truéc khi
thiét lap ché do tach xoay déng thai. O cac khoang cach 16n (L/D >
8), mic du dao déng van duy tri nhung gia tri trung binh én dinh
quanh muc 1,40 thap hon khoang 10% so vdi tru trudc do van chiu
anh huéng cla vung xody phia sau tru thugng luu.
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3.3. Cau tric dong chdy va co ché tuong tac viing xody giiia
hai tru

Dua trén ban d6 dé xody trich xuat tir mé phdng, co ché tuang
tac gitfa hai tru dugc phan loai thanh hai ché dé chinh, giai thich
truc ti€p cho cac bién déng vé hé sé luc can da phan tich.

Tai cac khodng cach hep (L/D < 3), I6p bién tach ra tu tru trudc
khéng di khong gian dé cudn thanh xody hoan chinh. Thay vao dé,
dong chdy bao pht toan bd khe hé va bam truc tiép vao bé mat tru
sau. Vung khe hé& lic nay tré thanh mét ving “nudc tu” véi van toc
luan chuyén thap va ap suat am I6n (Hinh 5a, 5b). Trang théi nay tao
ra hiéu (g che khuat (sheltering effect) cuc manh, giai thich cho
su xudt hién cla luc ddy am trén tru sau, kéo két ciu ha luu vé phia
thugng luu.

=

W " e

a) - L/D =2 (Ving chdy bdm)

d) - L/D =5 (Viing xody ddng thor)

W " e

f) - L/D =10 (Viing xody ddng thor)

UL —— RN
¢) - L/D =4 (Ving chuyén tiép)
Hinh 5. Ban do do xody khi s6 Re =100
Khi khodng céch vugt qua ngudng tdi han (L/D > 4) dong chdy
du dong niang dé xuyén thiu vao khe hd, pha vé 16p bao phu. Tru
trudc luc nay bat dau hinh thanh cac xody Von Karman doc lap va dap
truc ti€p vao mat trudc tru sau (Hinh 5d, e, f). Su thay déi dot ngét
tU trang thdi bao phl sang trang thai tach xody doc lap nay chinh la
nguyén nhan vat ly gay ra“budc nhay” hé sé luc can. Viéc mat di ving
ap suat 8n dinh trong khe hé khién ap sudt vung day tru truéc giam
manh, lam phuc héi gia tri C,, vé mic tuong duong tru don.

4. KET LUAN

Nghién ctu da trinh bay chi tiét cac dac tinh déng luc hoc ctia
dong chay bao quanh hé hai tru cau tron dat néi ti€p tai sé Reynolds
thap Re = 100. K&t qua md phong thé hién su théng nhat cao véi dr
lieu thuc nghiém kinh dién cua Tritton, khdng dinh dé tin cay cua
phuong phap mé phong s6 dugc thiét lap. Cac thong sé dac trung,
dac biét la hé s6 luc can trén tru trudc (C,) va tru sau (C,), cho thay
su phu thudc mat thiét vao khoang cach tuong déi L/D. G khoang
cach hep, hién tugng bam lai ciia dong chay tao ra hiéu tng che
khuadt manh mé, dan dén su xuat hién cla luc ddy am lén tru ha
Iuu. Péng thdi, nghién ctu cing xac dinh rd nguéng khoang cach
t6i han sinh ra budc nhay luc can, phan anh su thay d&i ctia ché do

dong chay tir chdy bam lai sang tach xoay dong thai. K&t qua nay
gitip hiéu rd hon vé ca ché tuong tac vliing xody ciing nhu sy bién
déng tai trong thay dong 1én cum tru cdu - mot két cdu ha tang giao
théng phé bién. Nghién clu nay déng thdi ching minh su thanh
cbéng cla viéc tng dung mo hinh sé CFD trong viéc du bao cac hién
tugng thay luc phuc tap, cung cap mét cong cu hé trg thiét ké hiéu
qua, giup tiét kiém chi phi va thai gian so v6i cac thét nghiém mo
hinh vat ly truyén théng.
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Phat trién ung dung va danh gia hiéu qua
cong cu tra cuu truc tuyén ho trg kiem soat
hoat dong luan chuyén hang nguy hiém qua

cang bhién Viet Nam

Development and performance evaluation of an online search tool for contralling the
maovement of dangerous goods through Vietnamese seaports
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TOM TAT

Bai bao trinh bay k&t qué hién thec hoa he thing tra ciu thang
minh (NetX) v& hang nguy hiém dua trén cac nghién ciru ve ky
thuat tri thirc RAG (Retrieval-Augmented Generation) va ma hinh
RAFT (Retrieval-Augmented Fine-Tuning) da thigt lap & trong
chuong trinh nghién ciu cia nham tac gia. Nghién ciu tap trung
vao viec chuyén haa cac thuat toan Al thanh mat sén phdm cong
nghé hoan chinh duai dang nén tang truc tuyén tai dia chi netx.
com.vn. Ni dung bai bao nhdm gici thigu chi tigt cdu tric giao
dién, cac module chirc ning cdt i va ket qua danh gia thuc
nghiém. Dir lieu thyc t& cho thdy hé thdng gidp rat ngén thai
gian tra ciru tir vai phit theo phuong phap thi céng xudng duai
10 giay vai da chinh xac trén 95%, cung cép giai phap chuyén ddi
sd higu qué cho cong tac quén trj an toan hang nguy hiém tai céc
cang bién Viet Nam.

Tir khoa: IMDG Code 2024; NetX; RAG; RAFT; hang nguy hiém;

cang bién.

ABSTRACT

This paper presents the results of realizing the NetX intelligent
dangerous goods search system, developed based on the
Retrieval-Augmented Generation (RAG) technique and the
Retrieval-Augmented Fine-Tuning (RAFT) model established in the
authors' research program. The study focuses on transforming
Al algorithms into a complete technological product as an online
platform available at netx.com.vn. The content of this article aims
to introduce in detail the interface structure, core functional
modules and experimental evaluation results. Empirical data
shows that the system significantly reduces search time from
several minutes using manual methods to under |0 seconds, with
an accuracy rate of over 35%. This provides an effective digital
transformation solution for safety management of dangerous
goods movement at Vietnamese seaports.

Keywords: IMDG Code 2024; NetX; RAG; RAFT; gangerous goods;

seaports.

1.DAT VAN PE

Su gia tdng manh mé cta hoat déng thuong mai toan cau da
thuc ddy luu lugng hang nguy hiém luan chuyén qua cac cang bién
Viét Nam dat dén nhing cot méc méi vé khéi lugng va tinh chat phuic
tap. Hang nguy hiém (bao gém céc loai héa chat cdng nghiép, nang
lugng va dac biét la cac thiét bi luu tri nang lugng mai) doi hdi mot
quy trinh kiém soat nghiém ngat nham dam bao an toan cho con
ngudi, phuong tién va moi trudng sinh thai bién. Trong bdi canh dé,
viéc tuan tha Bo luat Hang nguy hiém Hang hai Quéc té (IMDG Code)
khéng con la mot lua chon ma la yéu cau bat budc déi véi moi chti thé
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tham gia vao chuéi cung ting hang hai.

Phién ban IMDG Code 2024 (Amendment 42-24) danh dau mét
budc ngoat quan trong véi viéc that chat cac quy dinh déi véi pin
cong nghé mdéi va cac vat liéu c6 kha nang tu phat nhiét. Ban cap
nhat nay (c6 hiéu lyc ty nguyén tir ngay 01/01/2025 va bat budc ti
ngay 01/01/2026) dua ra nhiing yéu cau khat khe han vé phan loai,
déng g6i va ghi nhan hang nguy hiém. Nhiing thay d6i nay tao ra ap
luc v cling 16n d6i véi ddi ngi si quan an toan, nhan vién khai thac
cang va thuyén vién, nhiing ngudi truc ti€p chiu trach nhiém phan
loai, ddn nhan va sdp xép hang hda tai hién trudng cang bién.
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Thuc trang tai nhiéu cdng bién Viét Nam hién nay cho thay quy
trinh tra ciu hang nguy hiém van con phu thuéc nhiéu vao tai liéu
gidy hodc cac tép tin dién ti rdi rac, dan dén thai gian truy xuat thong
tin kéo dai va rdi ro sai s6t cao trong cac tinh huéng khan cap. Dit liéu
thanh tra ti T8 chiic Hang hai Quéc té (IMO) chi ra rang, ¢ t&i 34%
céac 16 hang nguy hiém t6n tai sai sot vé mat tuan tha do quy trinh tra
ctiu thu cong lac hau [3]. Bén canh d0, viéc ti€ép can cac cong cu tra
cliu quéc té chuyén nghiép nhu Hazcheck Online gap rao can Ién vé
chi phi ban quyén, thudng dao dong tir 182 dén 565 USD cho moi
ngudi dung hang ndm. Diéu nay gay kho khan cho viéc trién khai dai
tra tai cac don vi van tai va bén cang c6 quy mé nhan su Idn tai Viét
Nam. T thuc t€ do, su ra di clia hé théng tra ctu truc tuyén NetX
(netx.com.vn) khong chi la mot 16i gidi cho bai todn chi phi ma con
la budc di chién lugc trong viéc lam chd cdng nghé, ndi dia hda cac
quy chuan an toan hang hai quéc té phu hop vdi dac thu van hanh
tai dia phuong.

2. MUC PICH VA YEU CAU THIET KE CUA HE THONG TRA
CUUTRUC TUYEN NETX

Hé théng tra cltu NetX dugc dinh vi la mot nén tang quan tri
tri thic hang hai tryc tuyén, tap trung vao viéc ho trg ra quyét dinh
nhanh chéng va chuin xac trong kiém soat hang nguy hiém luan
chuyén qua cang bién.

2.1. Muc tiéu chién lugc ctia giai phap

Muc tiéu c6t 16i cia hé théng la téi uu héa thai gian tra clu va
dam bao an toan tuyét ddi cho hoat déng van tai bién. NetX huéng
t6i viéc tré thanh mot “trg ly s6” tin cdy cho thuyén vién, nhan vién
cang va cac ca nhan can tiép can kién thuc an toan mot cach linh
hoat. Hé théng khéng chi cung cap théng tin thé ma con dién giai
cac quy dinh phtc tap ctia IMDG Code 2024 thanh cac chi dan dé
hi€u, giip ngudi dung nhan dién nhanh chéng cac nguy co chay né,
tinh chat hoa hoc va cac yéu cau déng géi bat budc. Ngoai ra, viéc
xay dung mét codng cu ndi dia giip cdc doanh nghiép Viét Nam lam
chti cdng nghé, gidm su phu thudc vao cac dich vu dat dé ti nudc
Nngoai va tao co hdi md réng cac méd hinh phan mém dich vu (SaaS)
trong tuong lai.

2.2, Yéu cau ky thuat va trai nghiém ngudi dung

V& mit thiét k&, NetX dat uu tién hang dau vao tinh truc quan
va kha nang ti€p can. Giao dién va trai nghiém ngugi dung (Ul/UX:
User Interface/User Experience) dugc xay dung dé phu hop véi ca
nhiing ngudi dung phi chuyén gia, ddm bdo moi thao tac tu tim
kiém dén hoi dap déu dién ra mugt ma. Cac yéu cau ky thuat cu thé
bao gém:

2.2.1. Tinh kha dung va hiéu sudt

Hé théng phai hoat déng n dinh trén nén tang truc tuyén,
ho trg truy cap da thiét bi va dam bao téc dé truy van két qua gan
nhu tuc thaoi.

2.2.2.Dé chinh xdc va cdp nhat

Dt lieu vé huéng dan déng goi (Packing Instructions), diém
bt chay (Flash Point), tinh chat hang hoa va nhém déng goi
(Packing Group) phai dugc cap nhat chinh xac theo phién ban IMDG
Code 2024 mai nhat.

2.2.3. Bao mat va phdn quyén

Ap dung céc tiéu chudn bdo mat hién dai nhu JWT
Authentication va Google OAuth 2.0 dé bao vé théng tin ngudi
dung va phan cdp quyén han rd rang gilta cac nhom Quan tri vién,
Nhan vién va Khach hang.

Bang 1. Cac tiéu chi thiét ké va nén tdng cong nghé ctia hé
théng NetX

Tiéu chi thiét ké Yéu cau chi tiét Loi ich van hanh

Giao dién hién dai, phan héi

Cong nghé Frontend | React, Tailwind CSS nhanh, tuong thich di dong

XU ly logic nghiép vu phtc

Cong nghé Backend tap va d@ liéu Al manh mé

Python, Django

o e ia MySQL, FAISS | Luu trt dir liéu quan hé va tim
Cosgdiliéu (Vector Store) ki€ém ng{ nghia hiéu qua
. JWT, Google | Pam bao tinh riéng tu va bao
Xéc thic OAuth 2.0 mat di liéu khach hang
Kién tric Microservices/|Dé dang m& réng tinh nang

Modular va bdo tri dinh ky

3. PHAT TRIEN UNG DUNG VA PANH GIA HIEU QUA CONG
CU TRA CUU TRUC TUYEN HO TRG KIEM SOAT HOAT PONG
LUAN CHUYEN HANG NGUY HIEM QUA CANG BIEN VIET NAM
THEO TIEU CHUAN IMDG CODE 2024

3.1. Cac mé-dun chiic nang chinh cta hé théng tra ciu NetX

NetX dugc cau tric thanh cac mé-dun chiic nang logic, hé trg
toan dién quy trinh nghiép vu tir quan tri dén tac nghiép truc tiép
tai hién truong.

3.1.1. Mé-dun tra ctu nhanh ma sé UN (United Nations) va tén
héa chdt

Day la tradi tim cta hé théng, cho phép ngusi ding nhap ma
s6 Lién hop quéc (UN Number) gobm 4 chit sé hodc tén hang héa
(Proper Shipping Name) dé truy xuat dir liéu. Khi ngusi dung thuc
hién tim kiém, hé théng khéng chi hién thi cac théng tin cc ban
ma con liét ké lich st tra cltu gan nhat, giup tiét kiém thai gian cho
nhing loai hang hoa thudng xuyén xuat hién tai cang. K&t qua tim
kiém nhanh bao gém théng tin vé Class (Nhém hang nguy hiém),
Division (Phdn nhém) va Packing Group (Nhém déng géi), giip nhan
vién cadng nhan dién tdc thoi mdc d6 rai ro ctia kién hang.

3.1.2. Mé-dun théng tin déng géi va chi tiét hang héa

Sau khi chon mét mat hang cu thé, hé théng sé mé ra mot
trang chi tiét cung cap céi nhin toan dién vé cac yéu cau ky thuat.

- Huéng dan déng goi (Packing Information): Cung cap chi tiét
cac ma huéng dan dong goi (vi du: P001, P002) va cac quy dinh dac
biét vé bao bi trung gian (IBC) hoac bén chua di dong.

-Théng tin phan loai (Classification): Hién thi rd rang cac nguy
ca chinh va nguy co phu kém theo, gitp xac dinh chién lugc tng
pho su cé.

- Théng tin bé sung (Additional Information): Bao gém diém
bat chay (Flash Point) va cac dac tinh ly héa quan trong khac phuc
vu bao quan.

- Nhdn mac va bién canh bao (Labels, Marks & Placards): Cung
cap hinh anh mau clia cac loai nhan va ky hiéu can thiét, giup nhan
vién hién trudng déi chiéu @6 chuadn xac cha viéc dan nhan trén
container.

3.1.3. Mé-dun phdn tdch va xép dé theo IMDG Code

Mé-dun nay giai quyét khia canh phuic tap nhat trong quan trj
hang nguy hiém: Tinh tuong tac giia cac loai héa chat khac nhau.
Hé théng tu dong ap dung cac quy tic phan tach (Segregation)
dua trén ma tran clia IMDG Code 2024, dua ra cac canh bao nhu
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"Cach xa" (Away from) hoac "Cach biét" (Separated from). Ngoai ra,
mo-dun cling cung cap cac yéu cau xép d& chung (General Stowage
Requirements) dé€ si quan ké hoach cé thé b tri vi tri hang héa trén
tau hodc tai bai cdng mot cach an toan nhat, tranh xa cac nguén
nhiét hodc cac khu vuc nhay cdm.

3.2.Tro ly ao Chatbot thong minh (Al Assistant)

Khéc véi cac cong cu tra ctu dir liéu tinh, Chatbot clia NetX
mang lai khd nang tuong tac tu nhién va cad nhan héa. Nguai dung ¢
thé dat cac cau hdi nghiép vu bang ngén ngit tu nhién nhu: “Nhém
déng géi ciia UN 1203 la gi?” hodc “Quy dinh méi vé pin Natri-ion trong
IMDG 2024 la gi?”. Chatbot st dung tri thic dugc huan luyén dé tra
16i ngay lap tuic, kém theo céc trich dan nguén hodc dé xuat tai liéu
tham khao. Diéu nay dac biét htu ich cho nhimg nhan vién méi hoac
trong cac tinh huéng can giai dap nhanh ma khéng cé su hién dién
clia chuyén gia an toan.

3.3. Hé théng quan tri va théng ké (Admin Dashboard)

Mé6-dun nay danh riéng cho quan tri vién va nhan vién hé
théng dé duy tri su van hanh théng suét.

3.3.1.Quan ly ditliéu

Cho phép thém, stra, xda théng tin hang hoéa va cap nhat cac
tai liéu huéng dan PDF méi nhat. Méi thao tac thay déi déu duoc luu
lai lich str truy vét d€ dam bao tinh minh bach.

3.3.2.Quan ly ngudi ding va té chiic

Phan cdp quan ly cac doanh nghiép, t6 chiic va vi tri cdng viéc
cUa tling thanh vién, ho trg quy trinh dang ky va xac thuc tai khoan.

3.3.3. Phan tich va théng ké

Cung cdp céc biéu dé truc quan vé lugt tim kiém hang héa va
hoat déng hdi dap cda Chatbot. Nhiing d liéu nay gitp nha quan
ly cdng nhan dién dugc céc loai hang nguy hiém phé bién va cac
van dé ma nhan vién thudng xuyén gap phai, tir d6 c6 ké hoach dao
tao phu hop.

3.4. Mo ta giao dién nguci dung va trai nghiém trén NetX

Giao dién ctia NetX dugc thiét ké theo phong céach hién dai, tap
trung vao su téi gian va téi uu héa lubng cong viéc clia ngudi dung.

3.4.1. Giao dién trang chu va ddng nhdp

Khi truy cap https://netx.com.vn, ngugi dung sé bat gap mot
trang chu chuyén nghiép véi cac théng tin gidi thiéu téng quan
vé gidi phap. Giao dién dang nhap duoc thiét ké rd rang, cho phép
ngudi dung truy cap bang tai khoan da dugc cap. Hé thong cling tich
hop chiic ning 18y lai mat khau tu dong qua email, gidp gidm bat
ganh nang ho trg ky thuat cho quan tri vién.

Hé thing guin by hang haa
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Hé théng quain By hang héa nguy hidm

Hinh 1. Giao dién trang chd Hé théng tra ctiu tryc tuyén hang nguy hiém (NetX)

3.4.2. Giao dién tim kiém va chi tiét hang héa

Trang tim kiém dugc thiét ké vai thanh nhap liéu 16n & vi tri
trung tam, hé trg tim ki€ém nhanh theo ma UN. Két qua tim kiém
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dugc hién thi dudi dang danh sach dé nhin, kém theo cac biéu
tugng Class dac trung. Khi nhdn vao mét mat hang, giao dién chi
tiét sé hién ra véi cac tab thong tin dugc phan loai logic, gitp ngudi
dung khoéng bi chodng nggp bdi qua nhiéu dit liéu. Hinh anh cac
nhan mac nguy hiém dugc hién thi véi dé phan giéi cao, hé trg t6t
cho viéc d6i chiéu thuc dia.

* arprsis Ginals Smairti

* Erarmgmrnun Seredty Snarh

Hinh 2. Giao dién tim kiém hang hoa

3.4.3. Giao dién tuong tdc Chatbot

Cuia s6 Chatbot dugc tich hgp tinh t€, cho phép ngudi dung dat
cau hoi bat ct luc nao. Giao dién nay hé trg tao méi cac doan chat,
xem lai lich s tu van hodc xéa cac phién lam viéc ci. Phan héi tu
Chatbot dugc trinh bay theo dinh dang dé doc, hé trg cac doan trich
dan van ban phap luat gitp tang cudng tinh phap ly cho céac chi dan.

@ Dangerous Goods Asslstam

L

Dangeiuus Goods Asssrtant

@ Darasrous Goods Asdstant

Hinh 3. Giao dién Chatbot

3.4.4. Sidebar diéu huéng va Dashboard quan tri

Sidebar (thanh diéu huéng bén trai) thay ddi linh hoat dua
trén vai trd clia ngudi dung. Déi véi quan tri vién, sidebar cung cap
I6i t&t dén cac cong cu quén ly ngudi dung, quan ly t6 chic va cac
danh muc théng tin hang hoéa. Dashboard thong ké st dung cac
biéu d6 truc quan d€ hién thi lugt tim kiém va tuang tac Al, giup nha
quan ly ndm bét “stic khde” clia hé théng va xu huéng luan chuyén
hang héa tai cdng mot cdch nhanh choéng.
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Hinh 4. Giao dién sidebar
Bang 2. Vé trai nghiém ngudi dung

Giao dién DPic diém néi bat Déi tugng st dung chinh
5 Gidi thiéu, tin tdc cdp nhat . N
Trang chl IMDG Code Moi ngudi dung
Tim kiém UN T6c dd cao, cb lich strtim ki€ém | Thuyén vién, nhan vién cang

Pady du P-code, Segregation,
Labels

Ngén nglr tu nhién, trich dan
chuén xéac

Trang chi tiét Siquan an toan, kiém hoa

Clia s6 Chatbot Nhan vién hién truéng

Biéu d6 théng ké, quan ly dir| Quan tri vién, chuyén gia

Admin Dashboard lidu tap trung CNTT

3.5. Lgi ich van hanh va gia tri thuc tién tai cdng bién Viét Nam

Viéc iing dung hé thong NetX vao thuc té khai thac cdng mang
lai nhitng thay d&i mang tinh dét pha vé c hiéu qua kinh t& 1an muc
do an toan hang hai.

3.5.1. Nang cao hiéu qua tdc nghiép hién truong

Su thay d6i I6n nhat ndm & t6c do va do chinh xac clia thong
tin. Thay vi mat 5 - 15 phut dé tra cdu tht cong qua sach gidy, nhan
vién cdng gi& day chi mat chua day 10 gidy dé cé dugc day da huéng
dan vé mét loai hang nguy hiém. Diéu nay dic biét quan trong trong
quy trinh gate-in (ti€p nhan container tai c6ng cang), gitip giam thiéu
tinh trang Un tac va ddm bao moi container déu dugc dan nhan dang
quy dinh trudc khi vao bai. Kha nang truy cap 24/7 giup gidi quyét bai
todn lam viéc theo ca kip tai cdng, d@m bao an toan luén dugc duy tri
& muc cao nhat bat ké thai diém nao trong ngay.

3.5.2. Giam thiéu rai ro tir yéu t6 con ngudi

Vi su hé trg ctia Chatbot Al va cac canh bao ty déng vé phan
tach, NetX giup loai bd nhiing sai s6t cht quan do thiéu kinh nghiém
hodc ap luc cong viéc ctia nhan vién. Hé thong dong vai trd nhu mot
I&p mang loc an toan, ddm bao cac loai hang ky nhau khong bao gis
dugc x€p gan nhau, tir d6 phong ngtra hiéu qua cac su ¢6 chay né
héa chat - nhiing tham hoa c6 thé gay thiét hai vo cung 16n vé tai
san va uy tin cdng. Dac biét, tinh nang trich dan nguén cda Chatbot
giup ngudi duing ty tin hon trong viéc ra quyét dinh, vi moi chi dan
déu dua trén “tai liéu vang” da dugc ki€ém duyét.

3.5.3. Lgiich kinh té€ va tinh bén viing cua gidi phdp néi dia

St dung NetX gitip cac doanh nghiép cang bién va van tai Viét
Nam tiét kiém dang ké chi phi ban quyén hang nam so véi cac dich
vu quéc té. Viéc lam chi mot nén tang cdng nghé néi dia con cho
phép tuy bién linh hoat theo cac quy dinh riéng cla phap luat Viét
Nam, diéu ma cac phan mém quéc té thuong bo qua. VE lau dai, hé
théng gép phan thuc ddy 16 trinh chuyén d6i s6 ciia nganh Hang hai,
nang cao nang luc canh tranh clia cac cdng bién Viét Nam trong viéc

ti€p nhan céc tau container thé hé mai mang theo lugng 16n hang
nguy hiém phtc tap.

4, KET LUAN

Hé théng tra ctu truc tuyén NetX (netx.com.vn) la mét gidi phap
c6ng nghé hién dai, dap ng kip thai nhu cau cap thiét vé kiém soat
hang nguy hiém theo tiéu chudn IMDG Code 2024 tai Viét Nam. Bang
viéc két hgp stic manh cla tri tué nhan tao (Al) véi quy trinh nghiép
vu hang hai chudn hoéa, NetX khéng chi don gian héa cong tac tra
cliu ma con tao ra mot tiéu chuidn mai vé an toan va hiéu qua trong
quan tri cdng bién. Su phdi hop da nganh gilta cac chuyén gia hang
hai va chuyén gia cdng nghé théng tin da tao ra mét san pham c6
tinh Ung dung cao, than thién véi ngudi dung va mang lai gia tri kinh
té thuc tién cho doanh nghiép.Trong tuong lai, viéc ti€p tuc mé réng
cac tinh nang tich hgp va cap nhat tri thic sé gitp NetX khang dinh vi
thé la mét “trg ly théng minh”khéng thé thi€u, gép phan dua nganh
Hang hai Viét Nam tién gan hon téi tiéu chuan cang bién théng minh
va an toan trén trudng quéc té.
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Nghién cuu phuong an ky thuat do dac kiém
tra do lech céng trinh vong quay mat troi

Sun Wheel

Research on technical method for surveying the deviation of the Sun Wheel

>NGUYEN NGOC ANH, HOANG MAI PHUONG, NGUYEN DAT HIEU, LUU THI KIM THUY, TS NGUYEN XUAN THINH"

Truong Pai hoc Hang hai Viét Nam
“Email: thinhms@vimaru.edu.vn

TOM TAT

Phreng én do dac cong trinh bing cong nghé dinh vi chinh xac
cao dang trd thanh xu thé quan trong trong linh vuc quan tréc
va gidm sét bign dang cong trinh trén the gigi nai chung va Viet
Nam nai riéng. Trén co sir da, nghién ciru nay xay dung phrong
an ky thuat do dac va danh gia ket qua kiém tra da lech cia cong
trinh Sun Wheel Ha Long. Phrong an do dac nay cho phép danh
gia chinh xac su dich chuyén khang gian cia két cau sau khi chiu
tac dong cia béo, phat hién kip theri cac bién dang bat thuang, tir
da dua ra canh bao sém nhdm bao dam an toan cho cang trinh
va du khach. Phuong an ky thuat deoc dé xuat dwa trén nguyén
ly do dac da lach cang trinh béng cang nghé dinh vi chinh xac
can, ket hop vai phéan tich dir ligu bign dang theo chudi thai gian
tai B vi tri do tveng ang vai |6 vang quay, gidp xac dinh sai léch
hinh hoc cioa toan ba hé thang vang quay. K&t qua nghién ciu cho
thay phirong an dé xudt co do chinh xac cao, chi phi hep 1y, pho
hop vai diéu kien thyc tién tai Viet Nam va dap (ng cac yéu céu
ky thuat qudc t& gdp phan nang cao hiéu qué cong tac giam sat,
béo tri va dam bao an toan van hanh ddi vai cac cong trinh du
lich quy ma lan.

Tir khéa: Phuong an ky thuat do dac; cong nghé dinh vi chinh xac
can; danh gia ket qua; kiém tra dd |ech; Sun Wheel.

ABSTRACT

The application of high-precision positioning technology in

structural surveying has become an important trend in
monitoring and deformation assessment of engineering
structures worldwide, including in Vietnam. Based on this
context, this study develops a technical surveying method
and evaluates the results of deviation inspection for the Sun
Wheel Ha Long structure. The proposed surveying approach
enables accurate assessment of the spatial displacement of
the structure after being affected by extreme events such as
storms, allowing early detection of abnormal deformations and
providing a basis for timely warnings to ensure the safety of
both the structure and visitors. The proposed technical method
is based on the principle of structural deviation measurement
using high-precision positioning technology combined with
time-series deformation data analysis. Measurements are
conducted at |6 observation points corresponding to 1B
rotational positions of the wheel, enabling the identification of
geometric deviations of the entire wheel system. The results
indicate that the proposed method provides high accuracy,
reasonable cost and good applicability under Vietnamese
conditions while meeting international technical standards.
The study therefore contributes to improving monitoring
efficiency. maintenance management and operational safety
for large-scale tourism structures.

Keywaords: Surveying technical method; high-precision positioning
technology; result evaluation; deviation inspection; Sun Wheel.

1. DAT VAN BE

Nam 2024, con bao Yagi d6 bd vao Quang Ninh da gay ra
nhing thiét hai nang né, trong dé hé théng Vong quay Mat tr&i
Sun Wheel Ha Long bi anh hudng dac biét nghiém trong. Thong ké
cho thdy, hé thong két cau tru va khung thép da chiu va dap manh
tur cabin va khung treo cling nhu tir hé théng truyén dong, déng
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thai chiu tac dong truc ti€p clia gié bao, dan dén tinh trang x6 léch
khoéng gian véi gia tri sai 1éch vugt qua tri s6 cho phép. Hé théng
khung treo cabin c6 3/64 cabin roi xuéng dat va hu hai hoan toan,
61 cabin con lai cling bi anh hudng & cadc muc do khac nhau. Hé
théng truyén déng gém cum thuy luc, hop téc do, banh ty va gia dé
bi pha hay toan bg, trong khi hé théng dién, chdng sét, chiéu sang,
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am thanh, théng tin lién lac va diéu khién cling hu héng hoan toan.

Hinh 1. Mt s6 cabin clia vong quay da bi roi

DPac thu cda Sun Wheel la cong trinh cé kich thudc siéu 16n véi
két cau truc quay va vanh chju tai trong tap trung, rat nhay cam vai
cac bién dang hinh hoc do tac dong cla gio, nhiét dé va lun nén.
Diéu nay dat ra yéu cau bat budc vé cac phép do co do chinh xac
cao dén tiing milimet tai nhiéu vj tri khac nhau trén toan bé két cau.
Lua chon phuong an do dac kiém tra dé léch néi bat véi nhiing uu
thé& vuot tréi: Kha nang do chinh xac trén pham vi I&n, phu hop véi
quy mb cdng trinh dic thu, cho phép gidm sat déng bo tai 16 diém
c6 dinh trong sudt 16 vong quay, tir d6 dua ra két qua danh gia dinh
lugng vé d6 léch tai tiing vi tri khi cdng trinh van hanh.

Thuc té quéc té ciing da chiing minh hiéu qua ctia phuong an
nay: Nhat Ban thudng xuyén ap dung do dao déng va do léch cho
céc Ferris Wheel tai Tokyo Dome City sau dong dat; Singapore Flyer
(cao 165 m, duding kinh 150 m) dugc giam sat bang phuong phap
do dich chuyén dé dam bdo an toan sau cac tran bao 16n [1]; London
Eye tai Anh (cao 135 m, dudng kinh 120 m) cling trién khai cac phép
do nghiéng - l1éch dinh ky dé kiém soat bién dang do gi6 manh trén
séng Thames [2]. Nhu vdy, Sun Wheel Ha Long (mét trong nhiing
vong quay 16n & chau A) lua chon phuang an do dac kiém tra do
léch 1a hoan toan phu hgp véi chudn muc quéc té.

Phuong an do dac ki€ém tra dé léch dugc coi la t6i uu bdi su can
bang giira tinh chuan muc quéc té, dd chinh xac ky thuat, chi phi
hop ly va khd ndng ap dung réng réi. Khong chi ddm bao an toan
c6ng trinh va su tin cay cho du khach, phuong an nay con tao Igi thé
canh tranh cho du lich Viét Nam, déng th&i phu hgp vai xu thé quan
ly cong trinh hién dai trén thé gidi. Day chinh la giai phap két hgp
hai hoa gilta cdng nghé tién tién va diéu kién thuc tién trong nudc,
déng vai trd quan trong trong viéc tai thiét ha tang, phat trién du
lich bén viing va hoi nhap toan cau.

2. PHUONG PHAP QUAN TRAC BIEN DANG VA THUC
NGHIEM

2.1. Yéu cau va co sé khoa hoc

Trong xay dung, quan trac bién dang la mot cong tac khéng
thé thi€u nhdm bdo ddm dd bén viing va an toan cho céng trinh
trong ca giai doan thi cong lan van hanh. B6i véi cdng trinh vong
quay, tinh chat dac biét va quy mé ctia n6 doi hoi quy trinh quan trac
phai tuan tha nghiém ngat cac tiéu chudn ky thuat. Can crtheo TCVN
9399-2012 - Nha va cong trinh xay dung [3]: Xac dinh chuyén dich
ngang bang phuang phép trac dia, cong trinh dugc xép vao cap 1, tic
nhém cé yéu cau khat khe nhat, vdi sai s6 trung phuong cho phép chi
tU 1-5 mm. DPay cliing la muc dp dung cho cac cong trinh quan trong,
¢6 thai gian st dung dai han va mang y nghia ddc biét.

2.2. Hé théng méc chudn

P& tién hanh quan tric, ba méc chuan (MC-01, MC-02, MC-03)
c6 d6 chinh xac tuong duong tam giac - Gidi tich cap 1, dugc xay
dung tai nhing vi tri 8n dinh, khéng chiu tadc ddng ngoai luc va
khong anh huéng dén hoat déng thi cong. Cac mée nay dugc do
xac dinh bang phuong phap tam giac tu do, stt dung may toan dac
dién tir két hgp GPS, ddng thai dugc kiém tra dinh ky dé bao dam do
tin cay. Trén cd s& ba mdc chinh, cdc méc phu dugc phat trién thém
nham hé trg qua trinh do kiém tra vong quay.

Hinh 2. Sa d6 mdc chudn thuc hién quan trac MC-01,02,03

2.3. Cac diém quan tric trén vong quay

Trén vong ngoai cla vong quay, bé tri 16 diém quan tréc
(VNOT1 - VN16), méi diém dugdc gdn guang phan xa dé phuc vu do
dac. Hé théng nay cho phép ghi nhan di liéu dich chuyén & nhiéu
vi tri, phan anh toan dién trang thai bién dang ctia cong trinh trong
qua trinh van hanh.

Vi tri gdn guong duoc thé hién trong hinh dudi nhu sau:

Hinh 3. Vi tri gan guong cac vi tri trén vong xoay

Hinh 4. Guong dén cac vi tri trén vong quay
2.4. Phuong phap thuc hién
Cdng tac quan tric dugc trién khai theo phuong phéap do géc
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- canh (hay do hudng), dugc quy dinh trong TCVN 9399-2012. Bay
la phuong phap phu hgp cho cac cdng trinh c6 nhiéu diém kiém tra
va kho thiét 1ap hudng chudn. Trong méi chu ky, may toan dac dugc
dat tai méc chudn MC-01, dinh hudng téi méc bat ky réi 1an lugt do
céac diém tir VNO1 dén VN16. Khi vong quay dich chuyén 22,5°, mot
lan do mai dugc thuc hién. Sau 16 lan, toan bo vong quay 360° dugc
ghi nhan, thu dugc 256 diém d( liéu.

Hinh 5. Quan tréc chuyén dich ngang bang phuong phép do géc canh
Méi chu ky quan tréc dugc tién hanh nhu sau: Do kiém tra do
8n dinh cta cac méc co s& bang cach dung phuong phap do géc,
canh gilta cac diém co s& va diém kiém tra, so sanh két qua do gilta
céc chu ky va tinh gia tri thay d6i huéng cla cac diém kiém tra.
D6 chuyén dich cda diém kiém tra dugc tinh theo céng thic:
AR
gi=1Lix % M
Trong d6: li 1a khodng cach tu diém co s& dén diém kiém tra
i; ABi 1a lugng thay d&i huéng dén diém kiém tra i gilta hai chu ky
quan trac.
Sai s6 trung phuang xac dinh dai lugng chuyén dich clia diém
i dugc tinh theo cong thuc:
Magi )
plf
Néu cac hudng dugc do cung dé chinh xac trong cac chu ky
quan trac thi:

Dung may toan dac dién ti do cac diém da gén trén vong quay
bdng so d6 nhu sau:

2.5. Thiét bi st& dung va cdng tac bé tri thuc nghiém

Cong tac quan trac sir dung hé théng thiét bi hién dai, bao
gém: May toan dac dién ti Leica TS06, TSO7 hodc tuong duong vai
d6 chinh xac cao (1+2 ppm, sai s6 do goc 1”), boé dam lién lac, may
tinh xach tay cai dat phan mém xu ly chuyén dung va sé do hién
trudng. Tat ca thiét bi dugc kiém dinh va nghiém thu trudc khi dua
vao st dung, bdo dam dé tin cdy clia toan b qua trinh.

Mg = EI' '

Hinh 8. Vi tri mdc quan trac ngoai thuc dia

2.6. Kiém soat chat lugng va bién phap an toan thuc hién
trong qua trinh quan tric

Céng tac quan trdc bién dang dugc trién khai theo mét quy
trinh chat ché, bao dam tinh khoa hoc, d6 tin cay va tuan thi cac
tiéu chuan ky thuat hién hanh. T8 chuc thuc hién dugc bé tri véi mot
t6 san xudt gém 5 nhan sy, c6 trinh d& chuyén mén phu hgp, dam
nhiém déng thai hai hang muc chinh la quan trac ngoai nghiép va
xU ly néi nghiép. Trong dé, cdng tac ngoai nghiép tap trung vao viéc
do dac truc ti€p tai hién trudng, ghi chép va kiém tra s6 liéu hang
ngay, bao dam dé chinh xac ngay tir khau thu thap dir liéu ban dau.
Cong tac ndi nghiép dugc tién hanh song song, bao gébm nhap liéu,
tinh toén, xtt ly bang phan mém chuyén dung, hiéu chinh sai s6 va
hoan thién hé so ky thuat.

Hinh 6. Mdy toan dac dién t( Leica TS06
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Tat cd thiét bi quan tric dugc kiém nghiém va hiéu chuén
truéce khi st dung, nhdam dam bao dd chinh xac phu hop vai tiéu
chuén, quy pham ciing nhu dé cuang dugc phé duyét. Qua trinh
quan trac dugc thuc hién theo ding phuong an ky thuat da dé ra, c6
sy gidam sat truc ti€p cta ch nhiém hodc can bo ky thuat phu trach
hién trudng. Sau khi thu thap va xtr ly s bd, s6 liéu dugc kiém tra,
déi soat véi két qua ngoai thuc dia, tir d6 phat hién va diéu chinh
kip thoi cac sai léch. Céng tac xtt ly sé liéu dugc tién hanh trén nén
tadng phan mém ban quyén, bao dam tinh hgp 1é va kha nang truy
xuat ctia dir liéu.

Quy trinh t6 chuc va kiém soat chat luong nhu trén khéng chi
dam bao yéu cau ky thuat va tién do ma con nang cao tinh minh
bach, kha nang kiém chiing ctia dii liéu quan tréc. Day la co sé khoa
hoc va thuc tién quan trong dé dam bao d6 tin cay cla cong tac
quan trac bién dang.

Trong qua trinh quan tric can cé cac thiét bi bado ho dé dam
bdo an toan trong qua trinh thi céng bang cach lap ké hoach quan
trac trudc tir khau vi tri dat may, dudng di chuyén va thoi diém do;
trang bi cho cong nhan, ky su bdo ho ca nhan nhu ma bao ho, do
phéan quang, gang tay, giay bao ho...

3. KET QUA THUC NGHIEM
3.1.Théng ké két qua dd léch vong do thi nghiém
Bang 1. Bang danh gia do léch so véi tam

Vong do s6: 01

TT |Téndiém guong | Chénh léch véitam (m) Ghi chu

1 M6 - -

2 M5 0.006 Léch phai
3 M7 0,021 Léch trai
4 M4 0,024 Léch trai
5 M8 0,028 Léch trai
6 M3 0,013 Léch trai
7 M2 0,003 Léch phai
8 M1 0,022 Léch phai
9 M16 0,048 Léch phai
10 [M12 0,022 Léch phai
11 [M15 0,015 Léch phai
12 [M13 0,028 Léch phai
13 M14 - -

Bang 2. Bang danh gia dé léch so véi vong 1 (c6 dinh cac géc
cliavong 1)

Véong do s6: 02

T Tén diém guong Chénh léch véi tam (m) Ghi chu
1 M5 0,023 Léch phai
2 M4 0,019 Léch trai
3 M6 0,019 Lach phai
4 M3 0,007 Léch trai

5 M7 0,001 Lech trai
6 M2 0,006 Léch trai
7 M1 0,007 Léch phai
8 M16 0,040 Lech phai
9 M15 0,002 Léch trai
10 M11 0,001 Léch phai
11 M14 0,034 Léch trai
12 M12 0,005 Léch trai
13 M13 0,003 Léch trai
3.2. Péanh gia sé liéu

Qua két qua do dac thuc nghiém thé hién sé liéu do chénh
léch gilta cac vong do la can ci dé hiéu chinh lai vi tri ban dau cla
vong quay, ti d6 1a ca s& dé€ hiéu chinh vong quay va sau khi hiéu
chinh 1an 1 sé tiép tuc do dac kiém tra khdo sat dé co thé hiéu chinh
dén khi vong quay tra lai vi tri ban dau.

4, KET LUAN

- Phuang an ky thuat do kiém tra dé léch cong trinh vong quay
Mat trai Sun Wheel hoan toan phu hgp vai co sé phap ly va hé théng
tiéu chudn, quy pham nganh hién hanh.

- Cong tac quan trac ngoai hién trudng dugc dé xuat dua trén
phuong an ky thuat da xay dung, bao dam dé chinh xac va tinh day
du cda s6 liéu, phuc vu cho viéc danh gid bién dang céng trinh ciing
nhu cung cap co s& dir liéu tin cdy cho thiét ké, thi cdng va quan ly
khai thac.

- Két qua nghién cutu c6 thé xem nhu tai liéu tham kh3o khoa
hoc, Iam co s& cho cac nghién clu tiép theo, dong thai hé trg cac
don vi quan ly trong viéc iing dung va trién khai phuong an quan
trac d6i véi nhiing cong trinh quy mo tuong tu trong thuc tién.

L&i cdm on: Nghién ctu nay dugc tai trg bgi Trudng Dai hoc
Hang hai Viét Nam trong Dé tai ma s6 SV25-26.46.
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Lap trinh céong cu va phan tich bién dong Lép
phu bé mat dat tu du lieu GIS viéen tham - thuc
nghiém tai phuong Long An, tinh Tay Ninh

Development of computational tools and analysis of land cover dynamics using remote
sensing-based gis data: an experimental study in Long An ward, Tay Ninh province
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TOM TAT

Bign dang lap phi bé mat dat tai pheeng Long An dang dién ra
nhanh chang duai tac dang cia qua trinh da thi haa. Viec theo dai
si thay ddi nay bang cac phuong phap truyén thing thueng méat
nhiéu thiri gian, chi phi va kha ddm bao tinh cap nhat, dat ra yeu
cdu vé mat phuong phéap hien dai, hieu qua va co da chinh xéc
can. Trong bdi canh da. cang nghe GIS va Vién tham ngay cang
duge @ng dung ring réi phtr tru the vugt trai, phan tich va thé
hién dir lieu khang gian. Anh vé tinh Sentinel-2 vai da phan gii
phi hop va chu ky lap ngén cho phép trich xudt thang tin lap phi
theo chudi thiri gian nhanh chang. Ben canh da. [ap trinh GIS gidp
tu dang haa quy trinh, tang higu sudt xi Iy va han ché sai sat. Vai
phuong phép nghién ciru dang tin cay nhe pheong phép thu thap
dir ligu, xtr ly dit lieu, GIS, k&t qué nghién ciu da xay dung dvoc
co s dit ligu lép phit bé mat dat cho hai thai digm nam 2019 va
2025, ban da bién dang lep pha giai doan 2013 - 2025, cong he
thiing WebGIS ha trg hién thi va chia sé thang tin trec quan, cho
thdy phuong phap Vién tham - GIS ket hop vai lap trinh cong cu
tur dong haa va tich hop lan WebGIS 13 hoan toan kha thi.

Tir khda: Vién tham; GIS; WebGIS.

ABSTRACT

Land cover change in Long An Ward has been occurring rapidly
under the impact of urbanization. Monitoring these changes using
traditional methods is often time-consuming, costly and difficult
to update regularly, highlighting the need for modern and efficient
approaches. In this context, Geographic Information Systems
(GIS) and Remote Sensing technologies have been widely applied
due to their advantages in spatial data analysis and visualization.
Sentinel-2 satellite imagery, with suitable spatial resolution and
a short revisit cycle, enables rapid extraction of multi-temporal
land cover information. In addition, GIS programming helps
automate workflows, improve processing efficiency and reduce
potential errors. The study applied several methods, including data
collection, data processing and GIS analysis. The results produced
a land cover database for 2019 and 2025, a land cover change
map for the 2019 - 2025 period and a WebGIS system to support
visualization and information sharing. The findings indicate that
integrating RS and GIS with automated tools and WebGIS platforms
is a feasible approach for monitoring land cover changes.
Keywords: Remote Sensing; GIS; WebGIS.

1. DAT VAN BE

Phudng Long An, tinh Tay Ninh dang c6 t6c dé d6 thi hoa va
céng nghiép hoa ngay cang tang, dac biét trong béi canh Viét Nam
sap nhap tinh Tay Ninh va Long An c(, |dy tén la Tay Ninh va dat tru
s& chinh tai phudng Tan An. Qua trinh bién déng st dung dat dién
ra nhanh chéng. Viéc theo déi va danh gia nhiing bién dong nay la
can thiét d€ dam bao phat trién bén viing va gidm thiéu tac dong
tiéu cuc dé€n moi trudng. Coéng nghé Vién tham va GIS la nhimng
cong cu hién dai, hiéu qua trong viéc phan tich va quan ly dir liéu
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khéng gian, cho phép theo déi bién dong 16p phu mat dat véi do
chinh xac cao va pham vi rong [8]. Viéc phéi hgp dit liéu cing nhu
céc chiic nang sén co6 clia hai cong nghé dé khai théac t6i da viéc
cung cap thong tin phuc vu lap ké hoach, chinh sach va chién lugc
phat trién kinh té - xa héi. Viéc phan tich bién dong I16p phd bé mat
dat can dugc thuc hién thudng xuyén va lién tuc, dat ra yéu cau can
¢6 cdng cu tu ddng hoda qua trinh nay. Hién nay, ngon ngi lap trinh
python dugc st dung rat phé bién dé lap trinh cac cong cu phan
tich chay trén nén GIS. Qua mot s6 nghién ctru nhu Ung dung GIS va
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vién tham trong phan tich bién déng I6p pha bé mat huyén Mudng
La, tinh Son La giai doan 2000 - 2020 (Luan van thac si Nguyén, Q. H.
(2020)) [3], Ung dung cong nghé vién tham va WebGIS giam sat st
dung dat TP Ha Néi dén ném 2020, Doan, H. P, & Hoang, T.T. (2013),
Tap chi Khoa hoc va Céng nghé [7]. Lap trinh GIS xdy dung cong cu
theo déi nhiét d6 bé mat tai tinh Binh Duong giai doan 1995 - 2024
bang chubi anh Landsat. Tap chi Trac dia - Ban d6, Nguyén Trong
Nhan, & T6 Nguyén Nhat Khdi (2024) [6] da cho thay hiéu qua cua
viéc st dung ngon ngir [ap trinh python 1ap trinh cédng cu tu déng
xU ly dit liéu GIS, Vién tham dé phuc vu phan tich bién déng va chia
sé thong tin [én WebGlIS la hoan toan kha thi.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuong phap thu thap dit liéu

Nghién ctu st dung anh vé tinh Sentinel-2 dugc thu thap tu
Website Co quan Vi tru chau Au (ESA - European Space Agency) [1]
va d liéu ranh gidi hanh chinh sau sap nhap tinh thanh theo Nghi
quyét s6 202/2025/QH15 vé viéc sap x€p don vi hanh chinh cap tinh
[5] va ranh gidi hanh chinh cdp phudng xa theo Nghi quyét 1682/
NQ-UBTVQH15 Vé viéc sap xép cac don vi hanh chinh cap xa cua
tinh Tay Ninh nam 2025 [4].

2.2, Phuong phap xt ly di liéu

Nghién ctu st dung phan mém Snap dé xtt ly déng nhat do
phan giadi khong gian cla anh va phan loai anh thanh 4 loai I6p phu
la Bat xay dung, Dat tréng, Mat nudc, Thuc vat theo phuong phap
Maximum Likelihood Classification trén phan mém Envi 5.3.

Phuong phap Maximum Likelihood dugc ap dung kha phé
bién va dugc xem la thuat toan chuin dé so sanh véi cac thuat toan
khac dugc st dung trong xt ly anh vién tham. MLC dugc xay dung
dua trén co s gia thuyé&t ham mat dé xac suat tuan theo luat phan
b6 chudn. Méi pixel dugc tinh xac suat thudc vao mét loai nao doé
va no dugc chi dinh gan tén loai ma xac suat thudc vao 16n dé I6n
nhat [9].

2.3. Phuong phap GIS

Ung dung GIS trong viéc tryc quan héa di liéu bién tap ban doé
va lap trinh céng cu tu dong phuc vu phan tich bién dong I16p phua
bé mat déng thai Publish ban d6 |én WebGlS [2].

2.4. Phuong phap thuc nghiém

Nghién ctu tién hanh thuc nghiém tai phudng Long An, tinh
Tay Ninh giai doan 2019 - 2025. Bay la khu vuc néi thanh cua tinh
Tay Ninh, c6 t6c do dé thi hoa nhanh, sy bién dong cac I6p phi bé
mat dién ra nhanh chéng.

Bang 1. Xac dinh I16p phu va khéa gidi doan

3.THUC NGHIEM
3.1. Quy trinh thuc nghiém

| Thu thip dirliéu |

| Xir 1y, phén loai anh

Khéngdat

| Danh gia két qua |
Pat

q_|X-.ic dinh bién d{)ng‘

v

‘ Bién tap ban db |

Chia sé ban dd
1én WebGIS

Hinh 1. So d6 Quy trinh thyc nghiém

3.2.Thu thap dit liéu

Tac gid st dung anh Sentinel-2 v6i muc x& ly Level-2A dé tién
hanh phan loai I6p phli bé mat. Anh dugc lua chon theo céc tiéu
chisau:

- Khu vuc: Phudng Long An, tinh Tay Ninh.

- Thai gian: MUa kho (thang 1 dén thang 3) ctia cdc nam 2019
va 2025.

- D06 pht may: Dudi 10%, nham dam bao chat lugng anh dau vao.

- Ranh gigi hanh chinh méi sau sap nhap tai phudng Long An,
tinh Tay Ninh.

3.3. Xt ly phan loai anh

Qua qua trinh phan tich d& xac dinh cac loai I6p phi bé mét
dat, tac giai da Iya chon phan loai anh thanh 4 loai I6p pha Dat xay
dung, Bat tréng, Mat nudc, Thuc vat, vdi tiéu chi nhu sau:

Lép phu T6 hop
mau 432 Anh thuc dia M6 ta
Capl Capli

- Khu dan cu: C6 mau trang. Kich thudc khong ¢é dinh. Cau
tric min hodc I6m dém tuy khu vuc. C6 hinh dang bat ky.

bat xay dung
- Giao théng: C6 dang tuyén, c6 mau dam. Kich thudc nhé,
hep.

Mat dat
D4t trén - Dat tréng: Cau tric I8m dém. Khu vuc kich thudc 16n, cé
9 hinh dang khong xac dinh.
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- C6 mau doi khi nga den véi nudc co tap chat. Dang tuyén

Mat nuéc Mat nuéc dai vai séng ho, kénh rach, c6 cau trdc min. Dang ving (da
gidc hodc chir nhat) ddi véi mat nudc nudi trong thay san.
- C6 cdu truc 16m dém, hinh dang 6 hinh chit nhat néu la
Thuc vat Thuc vat rudng, khéng xac dinh néu la cay xanh trong khu vuc dé thj

hodc cady moc hoang.

Qua trinh chon mau huédn luyén dugc thuc hién trén phan
mém Envi 5.3. Sau khi chon mau, tac gia tién hanh kiém tra, danh
gia do |1an gilta cdc mau dé dam bdo su tach biét gitta cdc mau nam
trong gidi han cho phép. Két qua danh gia do 1an gitia cac mau da
chon dugc thé hién & bang sau:

Bang 2. Chi s6 phan tach gilta cac mau

Cac cap danh gia Nam 2019 Nam 2025

Dat tréng va Dat xay dung 1,98890455 1,98681742
Thay hé va Dat xay dung 1,99610390 1,92838887
Thuc vat va Bat tréng 1,99999270 1,98176450
Thuc vat va Dt xay dung 1,99999889 1,99772276
Thay hé va bat tréng 1,99999957 1,99799997
Thuc vat va Thay hé 1,99999998 1,99981101

K&t qua cho thdy, cac cdp mau bi 1an nhiéu nhat nhu la Dat
trong va Dat xay dung vai gia tri dé lan nam 2019 va 2025 lan lugt
la 1,98890455, 1,98681742 vdGi gia tri nay do lan gilia cdc mau van
nam trong ngudng cho phép dé phan loai. Nghién ctu da st dung
phuong phap phan loai Maximum Likelihood Classification ti€n
hanh phan loai anh.

3.4.Danh gia dé chinh xac két qua phan loai

Dé& danh gia d6 chinh xac sau phan loai, tac gid da st dung ma
tran sai s6 phan loai va chi s6 Kappa [9].

- Ma trén sai s la mot ma tran vuéng, trong dé sé hang va s6
cot tuong Ung vdai s6 loai I6p pha da phan loai trudc d6. T bang ma
tran sai s6 cung cap cho ta cac chi sé do ludng clia viéc tinh toan
chinh xac nhu dé chinh xac téng thé, phan tram cla sai sé bd sot va
sai s6 nham 1an, sai s6 ngudi san xuat va ngudi st dung.

Gia thiét n pixels dugc phan thanh K loai, mét ma tran sai s6 vGi
K hang va K cot dung dé thé hién su phu hgp gilta nhiing loai thuc
trén mat dat va nhing loai giai doan.

Goi O, la gia tri thé hién su pht hgp & hang i va cot j cia ma

Trong dé: K 1a s6 I6p pht bé mat;

- N 13 t6ng s6 pixel trong bé luu tri;

- S,;laténg theo cot;

- S, laténg theo hang;

- I 0y = S (loai bé mat); Vi S, (i=1,2,...K);

- B, 0y = 5, (loai gidi doan); VGi S, (i=1,2,...K).

Ty 1é phan tram sai s6 bd sét la phan tram cla cac pixel ma 1é
ra phai nam trong cac I6p da dua ra nhung trén thuc té lai khong cé.

t, = 2 — %000

Siv

Ty 1& phan trdm sai s6 thuc hién la phan tram cla cac pixel
nam trong cac I6p da dua ra trong khi thuc té ching lai thudc vé
cac l6p khac.

o SHT O oo
1 S+]-

Trong dé:

0, 0,la s0 pixel dugc phan loai ding nam trén dudng chéo.

- Chi s6 Kappa (K) nham théng ké kiém tra va danh gia su phu
hgp gitta nhirng nguén dit liéu khac nhau hoac khi ép dung céac
thuat toan khac nhau.

Céch xac dinh chi s6 Kappa dugc thé hién & cong thic nhu sau:

K= N Ty mii — Bity (mis 0

N2 —FE (4 X0y
Trong d6: k 1a t6ng s6 cot trong ma tran sai s&;
-n, la s6 mau phén loai dlng (dudng chéo);
-n, laténg s6 mau tai hang i;
-n,,la téng s6 mau tai cot i;
- N 1a téng s6 mau danh gia.
Khi K = 1, d chinh xac phan loai la tuyét doi.
Bang 4. Ma tran sai s6 phan loai anh nam 2019

U] =, e a
~ % . e Pl N 2 . - a ”~ N 2 Dat Dat xa )
tran K*K, khi d6 tong theo hang la S, (i=1,2,..,K) va tong hang la S+j Thucvat | Thiy hé ; y Téng
(j=1,2..K): trong dung
Bang 3. Ma tran sai s6 phan loai Thuc vat 08 0 3 2 103
Loai I6p phi Loai dugc giai doan Thﬂy he 0 20 0 2 22
thuevat | (1) | @ | .. | &) | (K |Téngcong Dattrong 3 ! 75 15 o4
Dat xay dung 4 0 12 116 132
a n 12 O““ 1K S“ Téng 105 21 90 135 351
@ 0,, » 0, » S, SaisGbosot | 485% | 9,09% | 2021% | 12,12%
Sai s6 thuc hién 6,67% 4,76% 16,67% 14,07%
(K_1) OK—H OK—WZ OK—WK'1 OK—1K SK—1+ D" h' h ”
O ChInh Xac
® Oy O e Oy O S R 88,03%
- toan cuc
Tong cdng S+1 S+2 o S+K—1 S+K EIK_ . EIK- 1 0ji Kappa 0,82
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Bang 5. Ma tran sai s6 phan loai &nh nam 2025

Thucvat | Thay hé Dh,é’t Dét xay Téng
trong dung

Thuc vat 156 0 2 3 161
Thiy hé 0 1 0 2 13
bat tréng 9 0 31 8 48
D4t xay dung 9 0 5 113 127
Téng 174 11 38 126 349
Sai s6 bo sot 3,11% 15,38% | 35,42% 11,02%
Sai sé thuc hién | 10,34% | 0,00% | 18,42% | 10,32%
pachih i
Kappa 0,83

3.5. Lap trinh céng cu phan tich bién déng

Cong cu phan tich bién dong I6p phd bé mat tu dong dugc
lap trinh b&i ngdn ng( 1ap trinh Python. Két qua lap trinh dugc mo

ta nhu sau:

# -*- coding: utf-8 -*-
import arcpy, os
arcpy.env.overwriteOutput =True

#0: Lop phu 1 | 1: Lop phu 2 | 2: Thu muc output
in_lp1 = arcpy.GetParameterAsText(0)
in_lp2 = arcpy.GetParameterAsText(1)
out_dir = arcpy.GetParameterAsText(2)

if not os.path.exists(out_dir):

os.makedirs(out_dir)

# datten filedaura
out_chonglop = os.path.join(out_dir,“ChongLop.shp”) # ket

qua Intersect

out_bando = os.path.join(out_dir,“BanDo.shp”)

Dissolve

# Buoc 1: Chong lop truc tiep hai lop phu

arcpy.Intersect_analysis([in_lp1, in_Ip2], out_chonglop)

# Buoc 2: Them truong BienDong
arcpy.AddField_management(out_chonglop, “BienDong",
“TEXT", field_length=20)

# Buoc 3: Tinh BienDong bang Python
codeBlock =""def getChange(a, b):

ifa==h:

return a

else:

return str(a) +“ ->" + str(b)

umr

arcpy.CalculateField_management(out_chonglop,"BienDong’,

"getChange(!Loai_a!, Loai_b!)"PYTHON_9.3",codeBlock)

# Buoc 4: Dissolve theo Loai_a, Loai_b, BienDong va tinh SUM

dien tich

arcpy.Dissolve_management(out_chonglop,out_bando,"Loai

# ket qua

_a;Loai_b;BienDong’’Area SUM"YMULTI_PART"’DISSOLVE_LINES”)

print(“Xong! Ket qua: {}"format(out_bando))

W eI NS rE s IRB LT

Hinh 2. Két qué Code Ip trinh cdng cu phan tich bién dong
Giao dién céng cu phan tich bién dong khéi chay trong phan

mém ArcGlIS.
& Céng cu (tiy chon luu) - a x
Lép Phi 1
Ilcpphulﬂlg :J &
Lap Phi 2
[lopphu2025 | &
Lunu KEt Qué -
D: KetquaPython =
OK Cancel Environments. .. Show Help >>

Hinh 3. Cong cu tu ddng xi Iy dif liéu phuc vu phan tich bién dong
Két qua phan tich bién déng dién tich cac loai I6p pha.
Bang 6. Bang ma tran bién déng dién tich (ha)

Nam 2025
Thuc vat o )
Thay hé |Pat trong |Xay dung |Tong
Thucvat (898,42 12,58 17,71 112,42 [1.041,13
. Thuy hé 21,87 169,05 0,65 17,74 209,31
Nam
2019 |Pattréng 5219 |22 32,87 339,29 896,26
Xay dung [171,1 1741 10,57 1.145,68 [1.344,76
Téng 1.613,29 (201,24 61,8 1.615,13 [3.491,46

Két qua thong ké dién tich cac loai I6p phd tang gidm trong

giai doan nam 2019 - 2025.

Bang 7. Théng ké dién tich tang gidm cda céc loai I16p pha

Lop

N&m 2019 Nim2025 | Bi€ndongTang (+)
. Giam (-)
phu
bémat | pientich | Tyle |Diéntich Dién tich
- e Pk ie©e) | Ty 1é (%
ha) | ©6) | (ha) | VIO gy |TVIECR)
Thucvat | 104113 | 20.8% | 161329 | 462% | 57216 | 16,4%
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Thayhé | 20931 | 60% | 201,24 | 58% 807 | -02%
Dattréng | 89626 | 257% | 61,8 1,8% | -834,46 | -23,9%
Xay dung | 1.344,76 | 38,5% | 161513 | 463% | 27037 | 7,7%

Dua vao bang két qua théng ké dién tich va biéu d6 théng ké
ta thady t8ng dién tich 16p pha xay dung chiém s6 lugng rat I6n so
vGi cac |6p pha khac, ndam 2019 chiém 38,5% dén nam 2025 chiém
dén 46,3%. Nhu vay c6 thé noi phudng Long An, tinh Tay Ninh c6 t6c¢
d6 dé thi héa nhanh chéng, gan mot nua dién tich 1a 16p pha dat
xay dung. Tuy nhién, trong qua trinh db thij, dién tich cay xanh cling
chiém ty lé rat 16n, dac biét 1a khi d6 thi phat trién dién tich I6p phu
dat xay dung tang 7,7% thi dién tich I6p phu thuc vat cling tang 1én
16,4%. Nhu vay, song song vdi viéc phét trién dé thi, phudng Long
An da phat trién thém cay xanh hudng t6i phat trién bén viing.

Doi véi dién tich I6p phi dat trong gidm xudng rd rét, giam
dén gan 24%, ch yéu dugc chuyén qua I6p phu xay dung va 16p
pha thuc vat, cho thdy phudng da dua dién tich I6p dat tréng vao
khai thac hgp ly hiéu quéa khéng dé tinh trang dat hoang héa gay
l&ng phi.

Bén canh d6 cling c6 mét phan rat nhé dién tich 16p pha thay
hé bi gidm di c6 thé do qua trinh cai tao kénh nudc, san |ap mat
bang xay dung do thi, hodc mét phan do qua trinh phan loai mét
6 pixel bi lan.

Bifu db thdng ké dién tinh

ERl
L4
1200
IO
B
1]
A

Thur Wl Thiny HE Bt Trifng Wiy Dymg

mMI1T =25

Hinh 4. Bi€u d6 thdng ké dién tich 16p phd nam 2019, 2025

K&t qua cac loai ban d6 dugc bién tap trén phan mém ArcGIS
va Publish 1én WebGIS.

K&t qua ban doé hién trang 16p pht bé mat nam 2019.

[ Eh] _I')ﬁl LATP P UIEN TRANG “-U:!L!‘I'H

= 5
L e L

(T B i 0

- - - - -

Hinh 5. Ban d6 hién trang I6p phti ndm 2019
K&t qua ban dé hién trang 16p pht bé mat nam 2025.
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BAN DO LOP PHI HIEN TRANG NAM 2025
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Hinh 6. Ban d6 16p ph hién trang nam 2025

Két qua ban dé bién dong I6p phl bé mat dat giai doan nam
2019 -2025.
BN DO BIEN DONG LOP PUT AT DAT GLAY DOAY NAM 2019 - 2013

. T | \
e e b i N g, e ok
. i

& ai 4 i i ¥
- —

- - - - - -

Hinh 7. Ban d6 bién dong Idp phd bé mét dat giai doan nam 2019 - 2025

3.6. Chia sé dit liéu I1én WebGIS

Ung dung Visual Studio Code tao tao WebGIS chia sé ban d6
bién dong, tao giao dién WebGlIS lién két co s& dir liéu ctia ban do6
|én PostSQL, Pushing Ién Geoserver.

3.7.Thao luan

GIS va Vién tham da gitp thé hién rd su phan b6 va thay déi
cla céc loai hinh I6p pht bé mat dat tai phudng Long An qua giai
doan ndm 2019 - 2025. Cac vung bién déng nhu chuyén tu dat
tréng sang cdng trinh hay ti thuc vat sang dat tréng dugc thé hién
bang mau sic ndi bat, gidp nhan dién nhanh nhing khu vuc thay
d&i manh. Quy trinh thuc hién bién dong dugc thuc hién tu déng
théng qua céng cu lap trinh GIS hé trg xt ly liéu nhanh hon, giam
sai sOt so vdi tinh todn thu cdng. Dong thai, viéc tich hop két qua
ban dé lén WebGiIS gitp qua trinh xem ban d6, tra cttu théng tin va
quan sét su thay déi theo thai gian trd nén truc quan va thuan tién.
Cac két qua dat dugc cho thay, viéc két hgp anh Sentinel-2, phan
tich GIS, cong cu tu dong va WebGIS mang lai hiéu qua cao trong
nghién ctu bién déng 1&p phi bé mat dat.

4, KET LUAN

Nghién ctu da thanh 1ap dugc ban dé I16p phu bé mat dat cda
phudng Long An tai hai th&i diém 2019 va 2025, déng thai xay dung
ban d6 bién déng I6p phi cho giai doan 2019 - 2025. Cac két qua
cho thdy su thay ddi r6 rét gilra cac loai hinh 16p phu, trong d6 dién
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Hinh 8. Ban d6 bién dong I6p pht bé mat dugc chia sé trén WebGIS

tich céng trinh tang Ién tai nhiéu khu vuc, trong khi dat tréng va
thuc vat giam & mot s6 vi tri. Viéc truc quan héa dit liéu thanh ban
d6 gitp nhan dién nhanh cac vung bién dong manh va dac trung
clia tiing dang chuyén déi.

Qua nghién ctu cling cho thdy ting dung GIS va Vién tham la
phuong phap hiéu qua trong phan tich bién déng Iép phu véi uu
diém tiét kiém thai gian, chi phi va ddm bao dé chinh xac can thiét.
D{r liéu dugc xay dung va luu tri thdng nhat trén méi trudng GIS
giup dé dang cap nhat, ddng bo va khai thac st dung lau dai. Cong
cu tu dong xu ly dir liéu dugc 1ap trinh da hé trg tinh toan bién déng
nhanh hon, gidm sai sét so véi thao tac thi cong va c6 kha nang ma
rong cho cac co s6 di liéu khac.

Bén canh do, hé théng WebGIS dugc xdy dung da tich hgp
toan bo két qua phan tich, cho phép hién thi va tra cttu théng tin
bién déng tryc quan, nhanh chong va thuan tién. Kha nang truy
cap rong rai cla WebGIS mé& ra hudng tiép can hién dai trong chia
sé dirliéu khéng gian va hé trg tét cho cac nghién cuu tiép theo. Két
qua dat dugc khdng dinh tinh kha thi va hiéu qua cla viéc két hop
anh Sentinel-2, GIS, lap trinh va WebGIS trong phan tich bién déng
bé mat dat, déng thai co thé ma rong iing dung cho nhiéu linh vuc
khac lién quan dén phan tich va quan ly di liéu khong gian.
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Bo diéu khien truat thich nghi tich hop bo
quan sat nhiéu cho hé théng vay giam lac
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Adaptive sliding mode controller for ship antirall fin stabilization based on disturbance

observer
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TOM TAT

Trong bai bao nay, ba diéu khién trugt thich nghi duge phat trién
cho hé thing vay gidm |ac tau thiy dua trén su tich hop vai ba
quan sat nhiu. He thang diéu khién dé xudt dam bao higu qua
giam |ac duai cac anh hedng coa bat dinh ma hinh va nhigu sang
bén ngoai khong xac dinh. Trudc tién, ba quan sat dugc thigt
ke dé du doan nhifu song bién dé bu cho luat diéu khién, sau da
|lugt diéu khién trugt dege dé xuat dé dn dinh e duai tac dong
cia nhitu song bién. B8 xir Iy tinh bat dinh cia hé thang dang
e hoc. co cdu thich nghi duge tich hop trong luat diu khign.
Tinh an dinh cia hé thang diéu khién vai ba diu khign dé xuat
duge chieng minh thang qua Iy thuy&t dn dinh Lyapunov. Ma phang
Matlab dugc thuc hign dé kiém ching tinh kha thi cia thuat toén
diéu khién dé xudt.

Tir khéa: He thing vay giam l4c tau thay; digu khién trugt thich
nghi; b quan sét nhiéu.

ABSTRACT

In this paper, an adaptive sliding mode controller is developed
for a ship roll stabilization based on the integration with a
disturbance observer. The proposed control system ensures roll
reduction effectiveness under the influence of model uncertainties
and unknown external wave disturbances. First, the disturbance
observer is designed to estimate sea wave disturbances and to
compensate for the control law; subsequently, the sliding mode
control law is proposed to stabilize the roll motion under wave
excitation. To handle the uncertainties of the dynamic system, an
adaptive mechanism is integrated into the control law. The stability
of the contral system with the proposed controller is proven through
Lyapunov stability theory. MATLAB simulations are performed to
verify the feasibility of the proposed contral algorithm.

Keywords: Ship anti-roll fin stabilizer; adaptive sliding mode
control; disturbance observer.

1.DAT VAN BE

Chuyén déng lac ctia tau thy gay ra nhiéu van dé tiéu cuc dén
kha nang van hanh, stic khée cta thuyén vién, hanh khach ciing
nhu sy an toan clia hang héa. D& khic phuc van dé nay, nhiéu giai
phép giam lac da dugc trién khai nhu: Két nudc chit U gidm lac, con
quay, hé théng Rotor Magnus va dac biét la hé théng vay giam lac.
Véi hiéu suat gidam lac 1én dén 92% va khéng chiém khéng gian than
tau nhu cac thiét bi khac, vay giam lac la thiét bi dugc cac tau du
thuyén c& 16n 13p dat nhiéu hon ca. Xét vé phuong dién thuc tién,
thuat toan PID van la lua chon phd bién nhit nhd cau tric don gidn
va dé hiéu chinh. Tuy nhién, b6 diéu khién nay van tén tai nhing
han ché dang ké nhu hiéu qua gidm l3c han ché khi ton tai bat dinh
trong mé hinh va dac biét bo diéu khién nay khéng cé kha nang
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khang nhiéu t6t khi nhiéu séng bién 16n. D& khic phuc nhuoc diém
cta PID, nhiéu phuong phap diéu khién hién dai da dugc tng dung.
Trong nghién ctu [3], chién lugc diéu khién bén viing dua trén do
lgi L2 xét dén sai s6 mé hinh vay gidm l3c, hay diéu khién téi uu H
v6 cuing [14] gidm lac cho tau chién. Xét vé khia canh diéu khién téi
uu, €6 cac ti€p can nhu t6i uu tuyén tinh bac hai két hop khau phan
tich ché& d6 déng luc hoc [2], hay cac ti€p can diéu khién du bao mé
hinh trong [4, 12] dugc nghién ctu dé gidi quyét bai toan rang budc
t6c dé clia vay giam lac. Mat khac, vai ti€p can phuong phap thiét ké
Lyapunov, nhiéu nghién ctiu vay giam lac tau thay da dugc dé xuat
véi nén tang Ung dung diéu khién truot hay diéu khién cudn chiéu.
Cu thé, cac nghién cuiu dua trén diéu khién truot bao gém: Ba luat
diéu khién trugt bén vimng trong [10]; bé diéu khién trugt véi hiéu
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qud dat trudc [5]; bo diéu khién truct tich hgp dao ham cip phan
s6 [13]; bo diéu khién trugt kiéu ti 1é-vi phan-tich phan [11] dé€ gidm
hién tugng rung anh hudng dén cc cau chap hanh va diéu khién
trugt tich hgp mat truot diing nhanh trong [1] dé dua hé théng vay
gidm l3c vé 8n dinh nhanh chéng. Bén canh d6, cac thuat toan diéu
khién mang no-ron ciing dugc dé xuat dé giai quyét bai toan bat
dinh cu tric trong hé théng 6n dinh I3c tau thay trong cac nghién
cdu [8, 9.

Thuc té&, sau khodng thai gian khai thac, mé hinh déng luc hoc
tau thuy sé bi bién d6i so vai thai diém xac dinh ban dau va su bién
dé&i cac tham s6 dong hoc trong mé hinh dugc goi la bat dinh tham
s6. Mat khac, cling khéng cé cac cdm bién dé xac dinh anh huéng
cla nhiéu séng bién 1&n tau. Do vay, lam thé nao dé thiét ké bo diéu
khién &n dinh l4c tau thay xét dén anh hudng déng thai cia moé
hinh bat dinh tau thay va nhiéu séng bién khéng xac dinh la bai
toan van chua dugc gidi quyét cho dén nay trong linh vuc 8n dinh
I3c tau thay. DE gidi quyét bai toan dé, trong nghién cltu nay, ching
t6i dé xuat mot chién lugc diéu khién dua trén su két hop cda diéu
khién trugt véi bd quan sat nhiéu va co cau thich nghi. Tha nhat,
diéu khién trugt lam nén tang dé gidi quyét tinh 6n dinh cla toan hé
théng giam lac, trong khi d6 bd quan sat nhiéu cung cdp gia tri bu
nhiéu cho diéu khién trugt. Bén canh d6, luat thich nghi dugc thiét
ké trong thanh phan bén viing dé dam bao hé théng 6n dinh khi c6
sai s6 trong bd quan sat nhiéu. D kiém ching hiéu qua cda chién
lugc diéu khién dé xuat, mé phéng sé dugc thuc hién.

2. MO HINH DONG LUC HOC CUA LAC NGANG TAU THUY

Hinh 1. Hé théng vay giam ldc ngang tau thay
Theo [8], mé hinh toan hoc clia hé théng vay giam lac tau thay
(Hinh 1) dugc mé ta theo hé thuc dudi day:

2

(M, +AM_ )3+ M@+ MA@ |&|+Dhp(l—|=|)=M + M, (1)

Trong d6: (M, + AM ) la mé-men tac dong Ién tau thiy; @ 1a
goc lac tau, ¢ 1a téc do lac tau; », 1a goc ngadp nudc clia tau; A, va A,
tuong Uing la cac hé s6 6n dinh; Dva h |3 lugng gian nudc va chiéu cao
tam nghiéng clia tau; M_la m6-men chong lac do véy gidam lac tao ra,
M, la m?-m?n gay lac tal:I do.song fe]¢) kAet hfjp gay rei..CaAc thanh phan
trong hé thuc (1) dugc xac dinh theo hé thuc (2) dudi day:
B* 0.0227B  0.0043L,_, ,
e ey
dr

D
M_+AM_ = (0.3085
I~ I~ g 100

2n \JDh(M_+AM )
A= a w

™
~ 3n, (M +AM )

A —2 g  ar’
“ . @
‘ al
M, = —prALC, (u + 1)
v
M, = —Dha,

Thay cac thanh phan trong (2) vao (1) va viét lai phuong trinh
(1) dudi dang sau:

b =10+ 10" + 1,0+ 1,0/ +bu+d, 3)

Trong hé thuc (3), cac hé s6 dugc xac dinh theo hé thuc (4)
dudi day:

o Dh o Dh o Sy _ pr'ALC,
MM AN, T AN T M AM, (M, + AM_ )0
o= é‘\\ = — /71'2A11101 d = — Dh’a‘“ (4)
M +AM (M, +AM_ )™ M_+AM,

bat 7, =¢ va 1, = ¢, z =[z,2,]", phuong trinh dong hoc
(3) dugc viét lai dudi dang phuong trinh khéng gian trang thai nhu
dudi day:
T, =T,
&, = f(z) 4+ bu + d,

(5)

Trong phuong trinh (5), ham dong luc hoc dugc viét nhu sau:
F@) = 2, + 7,20+ 2, 1, o) ©)
Gia st sau khoang thai gian khai thac, cac hé s6 déng luc hoc
bi thay ddi nén ham dong luc hoc f() bj tang thém lugng bét dinh:
Af(z) = Ay, + Ave’ + Ay, + Az, ‘xz‘ (7)

Phuong trinh déng luc hoc (5) ctia hé théng dugc viét gon lai
dudi dang nhu sau:

& =1, ®)
&, = f(z) +bu+d

Trong d6: d = Af(2) +4d,13 nhiéu tdng hgp cla séng bién bén
ngoai va bat dinh mé hinh.

Muc tiéu ctia bai toan la thiét k&€ mot bd diéu khién dé dau
ra clia hé théng (goc lac tau thuc té) dugc 6n dinh vé khéng véi
cac diéu kién bat dinh tham s6 mé hinh Af(z) va nhiéu bén ngoai
d, khong xac dinh. Dé thuc hién muc tiéu nay, b6 diéu khién truot
thich nghi dugc tich hgp véi bd quan séat nhiéu dugc dé xuat.

3. BO DIEU KHIEN TRUOT THICH NGHI TICH HOP BO QUAN
SAT NHIEU CHO HE THONG VAY GIAM LAC NGANG TAU THUY
Trong phan nay, ly thuyét bd quan sat nhiéu va bo diéu khién
trugt thich nghi dugc dé xuat cho hé théng vay giam lac ngang tau
thay. Sau d6, ly thuyét 8n dinh Lyapunov dugc st dung dé€ ching
minh tinh 8n dinh cda hé théng diéu khién dé xuat.
3.1.Bd quan sat nhiéu
Dua trén moé hinh (8), bd quan sat nhiéu dugc thiét ké nhu sau:
& =2+ Ll’2 (9)
3= —L(f(z) + bu + d)

Trong d6: z la bién trung gian; 4 la dau ra cha bd quan sat
nhiéu va gia tri nay sé dugc dua vao luat diéu khién dé bu cho nhiéu
khoéng thé xac dinh d; L >0 13 hé s6 cGia bd quan sat nhiéu. Dau vao
cla bd quan sat nhiéu la tin hiéu diéu khién u va cac trang thai tau
v=lz,z,]",

P& chiing minh tinh hoi tu cla bd quan sat nhiéu (9), ham
Lyapunov dugc xéc dinh nhu sau:

V=5
2 (10)

Trong d6: d = d — d la sai s6 ctia bd quan sat nhiéu. Thuc té vi
nhiéu song bién thay déi cham, nén d ~ 0.

L4y dao ham (10) theo thai gian va thay phuong trinh thi nhat
clia hé (9) vao ta dugc:

V. =dd = —dd = —d(: + Li,) (11)

Mét khac, thay phuong trinh thi hai cia bd quan séat (9) va
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thanh phan déng luc hoc (8) vao (11) ta dugc:
Vi=-Ld" <0 (12)
Theo (12), bd quan sat thiét ké (9) dam bao tinh hoi tu dé€ quan
sat nhiéu khéng biét trong phuong trinh déng luc hoc (8).
3.2. B6 diéu khién truot thich nghi
Thiét ké mat trugt nhu sau:
§=1, taz, (13)
Lay dao ham mat trugt (13) theo thdi gian va thay (8) vao ta dugc:
§= f(z)+bu+d+ax, (14)
Ham Lyapunov dugc chon dé 6n dinh hé théng vay gidm lac:
1
V=5
2 (15)
Lay dao ham (15) theo thaoi gian va thay (14) vao, ta dugc hé
thuc sau:
K:s.é:s.(j'(z)+bu+d+azz) (16)
DE hé théng 6n dinh can lya chon luat diéu khién u dé v, < 0.
Nhu vay, u dugc lya chon nhu sau:

u= l(—f(:z:) — oz, — d— ésig(s)) (17)

Trong luat diéu khién (17), d 1a ddura cta bé quan sat nhiéu
9) va i (s) la thanh phan bén ving dé kéo trang thai hé théng
vé mat truct s. Vi thanh phan bat dinh Af(z)trong nhiéu téng hgp
d c6 thé thay ddi nhanh nén sai s6 ctia bd quan st nhiéu d c6 thé
khong hoi tu. Dé khic phuc diéu nay, dai luong § duoc dua vao dé
udc luong gid tri chan 0" ca d. Luat thich nghi cho § duoc thiét ké:

0 ="l (18)

Trong (18), T' 1a hang s6 thich nghi, dugc chon la sé duang.

3.3. Phan tich tinh 8n dinh hé théng

Goi ham Lyapunov t8ng hgp clia hé théng nhu sau:

1, 1- 1 ~

V=53-+5d2+592 (19)

Lay dao ham (19) theo thdi gian va thay cac phuong trinh (12)
va (16) vao ta duoc:

V:sl(f(x)-l—bu#—d-l-ax?)—ch?—%éé (20)

Thay luat diéu khién (17) va luat thich nghi (18) vao (20) ta c6:
V= s.(& - ésig(s)) —Ld® — 5‘3‘
zsgfé‘s‘fé‘s‘fluz? @21

Vi g 1a udc lugng gia tri chan ¢ ctia d, nén <o =§ + 4. Nhu
vay, sd —0Js|— |5/ <0 va —Ld* <0 khi L 20. Do d6, V <0 va hé théng
diéu khién sé &n dinh tiém can vdi luat diéu khién (17), luat thich
nghi (18) va b quan séat nhiéu (9).

4.MO PHONG SO

Pé kiém chung tinh kha thi ctia bo diéu khién trugt thich nghi
tich hgp bé quan sat nhiéu cho hé théng giam lac ngang tau thay,
mo6 phong s6 dugc thuc hién trén phan mém MATLAB. M6 phong
dugc thuc hién véi mot tau nhu trong nghién cdu [8] véi cac thong
sO clia tau dugc chi ra nhu Bang 1. Nhu vay, tham sé cia mé hinh
doéng hoc lac tau dugc xac dinh theo hé thic (2) lan luot la: y, =
-0,1117,y,=0,1938,y, = -0,6438,y, = -0,0131, b = -0,3283.

Nhiéu séng bién dugc mé ta béi ham dw = 0,04.5in(0.6.t) +
0,02.sin(1.1.t). Tham s6 b6 diéu khién dugc chon: ¥ =1,2, I'=0,8 va
tham s6 clia bé quan sét nhiéu la L = 2. Thai gian moé phong la 300
gidy, thoi gian trich mau la 0,01 gidy. Gid st cac tham s mé hinh
dong luc hoc gilr nguyén trong 100 gidy dau tién, sau d6 cac hé sé
bi tdng thém 30% (bat dinh tham sé). Trang thai ban dau goc lac va
t6c d6 1ac ban dau lan lugt 1a 17,2 d6 va 5.7 d6, trong khi dé tham sé
thich nghi ban dau ¢ =0.

192| XAYBDUNG 05.2026 | ISSN 2734-9888

Bang 1.Théng s6 tau va hé thong vay giam lac

Théng sé Ky hiéu Gia tri Pon vi
Chiéu dai tau L 175 m
Chiéu rong tau B 25,4 m
Mén nudc dr 8,5 m
Lugng gian nudc D 21.120 tan
Chiéu cao tdm nghiéng h 1 m
T6c d6 tau v 15 knots

Két qua mé phéng dugc thé hién trong cac Hinh 2 va 3. Theo
d6, Hinh 2 chira géc lc va téc dé 1ac dugc 6n dinh méc du ¢ su thay
d6i cac tham s6 dong luc hoc cla hé théng (tang thém 30% - bat
dinh) tur gidy thi 100. Géc lac (nét lién) va toc dé lac (nét dut) tir 17,2
d6 va 5,7 d6 dugc 6n dinh nhanh chéng vé 0 sau 10 gidy. Goc vay
gidm l3c dugc diéu khién bai bo diéu khién ciing dugc chi ra trong
Hinh 2, c6 thé thdy géc vay dugc diéu khién ndm trong gidi han + 20
d6 va phu hgp véi co cau chap hanh cta vay giam lac.

Trang théi Géc l4c va Téc d6 lic
20

oo d g
¢

46, dolgiay

-10 I I I L L
0 50 100 150 200 250 300

Géc vy (Control Input)

do

Hinh 2. Két qua md phdng gdc lac dugc on dinh va tin hiéu diéu khién vay gidm lac

Quan sat nhidu séng bién (Disturbance Observer)
0.2

T T T T
Thyc té

— = = .Ubcluong

0.1 i

Disturbance Observer
o

0.1 I I I L L
0 50 100 150 200 250 300

Luat thich nghi tham sé ( Ona |

0 50 100 150 200 250 300

Thoi gian (s)

Hinh 3. Két qua md phdng gdc lac dugc 6n dinh va tin hiéu diéu khién vy gidm lac
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Két qua trong Hinh 3 chi ra gid tri nhiéu bién udc lugng théng
qua bd quan sat (nét dut) bam sat gia tri nhiéu bién that (nét lién)
tac déng gay ra lac tau. Gia tri nhiéu udc lugng dugc dua vao bd
diéu khién dé€ dap nhiéu bén ngoai khéng xac dinh do khéng cé
cadm bién. Trong khi d6, tham s8 thich nghi dugc thay déi tir 0 dén
0,17 d€ ddm bao su bén viing cla hé théng, tham s6 nay lam nhiém
vu udc lugng gia tri chdn cla sai s6 bd quan sat nhiéu. K& ca khi ¢
sai s6 trong bd quan sat nhiéu cé xu hudng lam hé théng mat én
dinh, tuy nhién véi sy thich nghi ctia tham sé § trong thanh phan
tin hiéu bén viing fsig(s), sai s6 clia bd quan sat nhiéu dugc chin bai
fsig(s)va nhu vy trang thai ctia hé théng ludn dudc kéo vé 8n dinh.

5. KET LUAN

Trong nghién ctu nay, nhom tac gia da dé xuat mét bé diéu
khién trugt tich hop véi ca cdu mit trugt diing nhanh cho hé théng
gidm ldc ngang tau thuy. B6 diéu khién trugt ddm bao tinh 6n dinh
va bén ving véi nhiéu bén ngoai. Cg cdu mat trugt diing nhanh
gilip thai gian di vao én dinh cla hé théng dugc gidam nhanh hon
5o vdi luat diéu khién trugt co ban. K&t qua mé phdng sé da ching
minh dugc tinh kha thi cda luat diéu khién dé xuat. Trong nhiing
nghién ctu ti€p theo, chung téi sé thuc hién tich hop cac ky thuat
hién dai khac nhu: thich nghi, b6 quan sat... vao luat diéu khién
trugt ding nhanh dé gidi quyét cac bai toan khac nhau trong hé
théng giam lac tau thay.

L&i cdm on: Nghién ctu nay dugc tai trg béi Trudng Dai hoc
Hang hai Viét Nam trong Dé tai ma s6: DT.25-26.03.
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Xay dung L6 trinh uu tién thuc hanh ESG tai
cum cang container Hai Phong: Tiép can bang
mo hinh ra quyét dinh da tiéu chi lai Fuzzy
Delphi va Fuzzy AHP

Developing a priority roadmap for esq practices in the Haiphong container port cluster: A
hybrid Fuzzy Delphi and Fuzzy AHP multi-criteria decision-making approach

> TS TRAN HAI VIET", TS NGUYEN THI THUY HONG, THS PHAN THI BICH NGOC
Trudng Dai hoc Hang hai Viét Nam
“Email: tranhaiviet@vimaru.edu.vn

TOM TAT

Nganh Hang hai dang chuyén dich manh mé sang ma hinh "céng xanh" va khung quén tri ESG trudc &p luc phi carbon hoa cing cac quy
dinh phap |y khat khe. Tai cum céng Hai Phang, rao cén vé vin va cang nghé khign viéc thigu |6 trinh ré rang dé dan dén dau tu dan trai.
Dé gii quy&t, nghién ciru irng dung ma hinh ra quy&t dinh da tieu chi (MCDM) lai giira Fuzzy Delphi va Fuzzy AHP. Quy trinh bét dau béng
viec khao sat 20 chuyén gia dé chudn haa ba tiéu chi ESG ddc tho gdm 3 tru cat va 9 tigu chi thanh phan. Sau da, phreng phap Fuzzy
AHP duge sir dung dé lrgng hda va xéac dinh trong sd vu tien, giap khéc phuc tinh chi quan va sy mo hd trong danh gia chuyén gia. Ket
qua cung cép co st khoa hoc dé xay dung danh muc hanh dang va 16 trinh ddu tu bén virng dén nam 2030, tdm nhin 2043, gop phéan
nang cao nang lyc canh tranh xanh cho cum cang Hai Phang.

Tir khoa: Cang xanh; ESG; Fuzzy Delphi; Fuzzy AHP; Hai Phang; ra quygt dinh da tiéu chi.

ABSTRACT

The maritime industry is shifting significantly toward the “Green Port” model and ESG governance frameworks in response to
decarbonization pressures and stringent legal regulations. In the Hai Phong port cluster, capital and technological barriers, coupled
with the lack of a clear roadmap, often lead to fragmented investments. To address this, the study applies a hybrid Multi-Criteria
Decision-Making (MCOM) model combining Fuzzy Delphi and Fuzzy AHP. The process begins by surveying 25 leading experts to standardize
a specialized ESG criteria set consisting of 3 pillars and 9 component criteria. Subsequently, the Fuzzy AHP method is employed to
quantify and determine priority weights, effectively mitigating subjectivity and ambiguity in expert linguistic assessments. The results
provide a scientific foundation for developing a list of priority actions and a sustainable investment roadmap toward 2030, with a
vision to 2043, contributing to the enhancement of green competitiveness for the Hai Phong port cluster.

Keywards: Green port; ESG; Fuzzy Delphi; Fuzzy AHP; Hai Phong; Multi-criteria decision-making.

1. DAT VAN PE

Nganh Hang hai dang chuyén dich manh mé sang mé hinh
“cang xanh” tich hgp khung quan tri ESG dé dap ung ky vong clia
céc bén lien quan [4]. Ap luc phi carbon héa tir quéc té [11] va cac
quy dinh phap ly that chat tai Viet Nam [1, 17] khién viéc thuc thi
ESG tr& thanh diéu kién tién quyét dé duy tri hoat dong va tiép can
“von xanh” [12, 13]. Bén canh d6, quan tri ESG con gilip nang cao
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hinh anh thuang hiéu, long trung thanh cia ch hang va giam thiéu
rdi ro chién lugc [8, 15, 18]. Tuy nhién, cac quéc gia dang phat trién
van déi mat véi rao can I6n vé tai chinh va cdng nghé [6], doi hdi
mét phuong phéap khoa hoc dé t&i uu héa nguén lyc thuc thi. La clra
ngd lén nhat mién Bac, cum cang Hai Phong dang chiu ap luc kép:
Tuan thi kiém ké khi nha kinh néi dia [17] va dap Gng tiéu chudn
bdo cdo bén vimng ti cac hang tau qudc té [16]. Thach thic I6n nhat
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nam & su van hanh khéng déng nhat gilra cac bén cang nuéc sau
hién dai va cadng séng ci [2], cung su thi€u hut ngudn vén cho céng
nghé sach [6]. Viéc thi€u 16 trinh ré rang dan dén dau tu dan trai,
doi hdi phai xac dinh cac hanh déng uu tién dé khong bi tut hau
trong chudi cung ting xanh toan ciu. Nghién ctiu tap trung vao hé
sinh thai cac bén cang container tai Hai Phong, bao gém ca nhom
cang nudc sau Lach Huyén va nhém cang néi song khu vuc Binh
Vi - séng Cadm. Pham vi ndi dung dua trén sy giao thoa gitra phap ly
qudc gia vé cang xanh va yéu cau bén vimng toan cau. D{t liéu dugc
khao sat tir thang 11/2025 dén thang 01/2026 nham xay dung giai
phap uu tién cho giai doan dén nam 2030, tdm nhin 2045, gop phan
nang cao vi thé€ canh tranh xanh cho toan thanh phé trén ban dé
hang hai quéc té.

2.TONG QUAN TAI LIEU VA CO SG LY THUYET ESG

Viéc tich hop ESG trong quan ly cdng bién danh dau su chuyén
dich tur cac giai phap ky thuat bao vé méi trudng don thuan sang
mot hé thédng quan tri bén vimng toan dién, bao gébm cac gia tri xa
héi va cdu trdc quan tri minh bach.

Méi trudng (E): La tru cot cbt 16i cla mo hinh cang xanh, tap
trung vao phi carbon hda, kiém soat 6 nhiém va t6i uu héa ning
lugng theo Tiéu chudn TCCS 02:2022/CHHVN [2, 11]. Dic biét, viéc
thuc hién kiém ké khi nha kinh theo Quyét dinh 13/2024/QDb-TTg da
chinh thiic chuyén déi trach nhiém quan ly méi trudng tai cac bén
cang tU hinh thic tu nguyén sang bat buéc [17].

Xa hoi (S): Tap trung vao viéc dam bao an toan lao dong, phuc
Igi nhan vién va thuc ddy méi quan hé hai hoa véi cong déng dia
phuong. Thuc hanh trach nhiém xa hoi tét giip nang cao uy tin
thuong hiéu va gia tang muc dé hai long cta khach hang trong
chuéi cung tng [15, 16].

Quan tri (G): Boi héi tinh minh bach trong céng bé théng tin,
dao dic kinh doanh va cam két dai han cdia ban lanh dao. Day la nhan
t6 then chét gitip doanh nghiép cang duy tri lgi thé canh tranh trudc
cac ap luc thé ché va yéu cau tif cac dinh ché tai chinh quéc té[12, 13].

Nghién ctu Ung dung phuong phap Quy trinh phan tich tha
bac m& (Fuzzy AHP) d€ gidi quyét bai toan ra quyét dinh da tiéu chi
(MCDM) trong thuc thi ESG tai cac bén cang. Bang cach sir dung s6
ma& tam giac (TFNs), phuong phéap nay khac phuc su mo hé va tinh
chd quan clia chuyén gia, cung cap khung trong s6 khoa hoc dé
t6i uu héa nguodn luc dau tu bén viing tai Hai Phong. Trong khi xu
hudng quéc té tap trung luong hda hiéu qua bén vitng qua mé hinh
toan hoc, tai Viét Nam, cac nghién ciu nhan manh viéc néi dia hda
tiéu chudn va tinh toan chudn xac cac “dau ra khéng mong mudn”
nhu phat thai. Du c6 dong luc ti vén FDI, cum cang Hai Phong van
déi mat rao can 16n vé cdng nghé va tai chinh. Do d6, viéc ap dung
MCDM la cap thiét dé hién thuc héa 16 trinh cadng bién xanh theo
quy dinh nha nudc.

Bang 1. Téng hap cac phucong phap nghién cliiu phé bién
trong linh vuc cadng bén viing

Tac gia (Nam) | Khuvuc | Phuong phap Tiéu chi trong tam
Thai (2016) Singapore | SEM (Cau tric Chat luong dich vu &
[16] tuyén tinh) Trach nhiém xa hoi
Nguyenetal. |ViétNam |DEA Hiéu qua ky thuat gan
(2021) [7] (SBM-Undesirable) | lién véi giam phat thai
Le & Nguyen | Hai Phong | SEM (Cau truc Bong luc va rao can
(2023) [6] tuyén tinh) phét trién cdng xanh
Doan & Huynh | Viét Nam | MCDA (Ra quyét | Xép hang uu tién cac
(2024) [3] dinh da tiéu chi) cang container

3.QUY TRINH NGHIEN CUU
3.1. Quy trinh nghién ctu

Nghién ctu dp dung phuong phap luan hén hgp dé xay dung
bé chi sé va 16 trinh quan tri bén viing (ESG) cho cum cang container
Hai Phong qua ba giai doan: Chudn héa bo chi s6 bang Delphi mg,
xac dinh trong sé uu tién qua phan tich tha bac (AHP) va thiét lap 16
trinh hanh déng vé ha tang, sé hoa. V&i su tham van tir 25 chuyén
gia dau nganh, quy trinh dam bao tinh khoa hoc va thuc tién, giup
cu thé hoa céc tiéu chudn cdng xanh nham nang cao nang luc canh
tranh bén viing cho hé sinh thai cang bién khu vuc.

Bang 2. Thanh phan nhom chuyén gia tham gia khao sat

Nhém chuyén gia | S8 lugng | Tham nién | Vi tri cdng tac
Giam déc  bén cang,

Quan ly cdng bién 10 15 nam Trudng phong Ky thuat/
Khai thac

F— < Cang vu Hang hai Hai

Co quan quan ly 5 15 ndam Phong, S& TNEMT

Hoc gid/Gidng vién |5 10 nam D,al hgc Hangwhal Ylet Nam,
cac vién nghién ctiu

Pai dién hédng tau/ 5 10 nam Trudng dai dién cac hang

Logistics tau quéc té tai Hai Phong

3.2. Xay dung bo tiéu chi ESG dac thu cho cum cang Hai
Phong thong qua Delphi m&

Nghién ctiu thiét 13p bo tiéu chi ESG gém 3 tru cot va 9 tiéu
chi thanh phan, dugc hiéu chinh qua ky thuat Delphi m& (FDM) dé
dam bao tinh phu hgp véi dac thu bén cang Hai Phong. Quy trinh
st dung tri tué clia 25 chuyén gia (Bang 3) qua 2 vong kho sat déc
lap nham hudng téi su théng nhat cao nhat. D€ lugng hoa sumao ho,
nghién ctu st dung S6 ma tam giac (TFN) biéu dién dudi dang (a, b,
€) tuong Ung vai cac gia tri bi quan, kha nang nhat va lac quan nhat.
Tam quan trong dugc danh gia qua thang do ngdn ngl 5 muc d6
va téng hgp bang phuang phap Gia tri trung binh m& (Fuzzy Mean):

a = min{a;)

1, (1)
b=_¥b

¢ = max(c;)

Su dong thuan dugc xac 1ap khi ty 1é chuyén gia dat ngudng
chénh léch d < 0,2 vugt qua 75%. Sau d6, sé ma dugc gidi md bang
phuong phép trung tdm trong luc dé thu dugc gia tri thuc S.

Nhém Méi trudng (E): Tap trung gidm thiéu tac déng hé sinh
thai. Phat thai (C1) do ludng suét phat thai khi nha kinh theo Quyét
dinh 13/2024/QD-TTg [17]. Nang lugng (C2) danh gia ty 1& thiét bj
dién va dién b theo Quyét dinh 2027/QD-BGTVT [1]. Rac thai (C3)
kiém soét 6 nhiém nudc va chat thai theo TCCS 02:2022/CHHVN [2].

Nhom Xa héi (S): Nhan manh yéu té con ngudi. An toan (C4) duy
tri tiéu chudn stc khde nghé nghiép [15]. Nhan su (C5) do ludng dao
tao bén vimng theo ly thuyét GHRM [5]. Cong d6ng (C6) xac dinh muic
do hai long clia dia phuong théng qua bao cdo CSR hodac BTM [16, 6].

Nhom Quan tri (G): Pong vai tro dinh hudng chién luge. Minh
bach (C7) tham chiéu tiéu chuan bao céo GRI [20]. Lanh dao (C8)
danh gia cam két nguén lyc cho sang kién xanh [12]. S6 hoéa (C9)
lugng hda ty 1é tu dong hoa quy trinh nghiép vu théng qua hé
théng TOS [4].

Bang 3. Danh muc cac chi s6 ESG tiéu biéu

Tru cdt | Tiéu chi | Ky hiéu | Chi sé do ludng tiéu Can ci dan
biéu chiéu
Moi Phat C1 Suat phat thai khi nha Qb 13/2024[17]
truong | thai kinh/TEU (kgCO2e/TEUV)
Nang 2 Ty lé thiét bi chay dién/ | QD 2027/BGTVT
lugng téng thiét b (%) [1]
Racthai | C3 Ty lé rac thai dugc xtrly | TCCS 02:2022 [2]
dung quy dinh (%)
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Xa hoéi |Antoan |C4 S6 vu tai nan lao déng Thai (2008) [15]
nghiém trong (Vu/nam)
Nhan sy | C5 SO git dao tao ESG/nhan | Jabbour (2016)
vién/nam (Gig/ngudi) [5]
Cong C6 Chisé hailong ctiadan | Le & Nguyen
déng cu va dia phuang (%) (2023) [6]
Quan | Minh Cc7 Mc d6 &p dung tiéu Chuén GRI
tri bach chuén bdo cdo GRI (%) | (2021) [20]
Lanh c8 Ty 1é ngéan sach danh Saeed et al.
dao cho séng kién xanh (%) |(2018) [12]
S6hoa |C9 Muc d6 tu dong héa quy | Fei et al. (2024)
trinh nghiép vu (%) (4]

3.3. Xay dung mo hinh fuzzy AHP

Quy trinh phan tich thir badc m& (Fuzzy AHP) dugc st dung dé
xac dinh trong sé uu tién clia cac tiéu chi ESG, giup khac phuc tinh
cht quan va sy ma hé trong nhan thic cdia con ngudi khi danh gia.
Thay vi st dung sé thuc sic nét, phuong phap nay ap dung ly thuyét
tap md véi quy trinh todn hoc cu thé nhu sau:

*Budc 1: Dinh nghia s6 m& tam giac (Triangular Fuzzy Numbers
- TFN) Nghién ctru st dung s6 ma tam giac (TFN) dé luong héa cac
déanh gia ngdn nglr cGia chuyén gia. Mt s6 md tam giac dugc biéu
dién dudi dang 4 = (I.m.u}. Trong do:

- |: Gia tri danh gid bi quan nhat (can duéi);

- m: Gia tri kha ndng nhat (trung tam);

- u: Gia tri lac quan nhat (can trén).

DE& déanh gia muc d6 quan trong gilta cac tiéu chi, cac chuyén
gia st dung thang do ngén ngit tuong ting véi s6 ma (Vi du: Can
bang: (1, 1, 1); Hoi quan trong: (2, 3, 4); Quan trong: (4, 5, 6); Rat quan
trong: (6, 7, 8); Tuyét déi quan trong: (9, 9, 9)).

* Budc 2: Xay dung Ma tran so sanh cap ma (Fuzzy Pairwise
Comparison Matrix) cho hoi déng gém 25 chuyén gia danh gia tiéu
chi. Chuyén gia thu k so sanh muc d6 quan trong cta tiéu chi i véi
tiéu chij, taorasé m& dfy = (If,mf, uff). Téng hop y kién clia chuyén
gia dé tao thanh mot ma tran so sanh cip ma dai dién A = [;;]nun.
Phan tl d;; = (1;j, my;, u;;) dugc tinh bang phuong phép trung binh
nhan (Geometric Mean):

Iy = (U x 1 % x IfyVK
my; = (my; % mﬁ. MoK mﬁ-}""”

Uy = {u}; ® uE,- ®,, .M uf,-)""x

()

Ma tran thu dugc c6 tinh chat nghich dao:
- - 111
dy = &;;' = (;{E:EJ )

* Budc 3: Tinh toan trong sé md (Fuzzy Weights): Nghién cdu
ap dung phuong phép clia Buckley dé tinh trong s6 m& cuc bé cho
ting tiéu chi. Trudc tién, tinh gid tri trung binh nhan ma i cda ting
hang i trong ma tran:

Fo= (fin @ iz @...0 @)™ (4)

(V6i @& la phép nhén hai s6 ma:

(lamy,w ) @ (lamg, up) = [f1I2,1n1m2,ulu2}j

Tiép theo, tinh trong s6 m& W; = (L My, ) cla tiéu chii
bang céng thic: iy = @ (F, B 7 B @7

* Budc 4: Giadi ma (Defuzzification) va chuan héa trong s6. D&
sdp x&p thi tu uu tién, trong s6 myiF:can dugc chuyén ddi thanh
mét gia tri thuc (crisp value). Nghién ctiu ap dung phuong phap giai
ma Trung tam trong luc (Center of Gravity) theo cdng thic:

Wi - [ |m'-r:'|l Flyyi (5)

Sau d6, tién hanh chuan hoéa dé téng trong s6 clia tat ca cac

196| XAY1DUNG 05.2026 | ISSN 2734-9888

tiéu chi bang 1:
: W,

i (6)

Gia tri W', chinh la trong s6 uu tién cudi cling cla tiéu chii.

*Budc 5: Kiém tra ty s6 nhat quan (Consistency Check). Mac du
I3 ma trdn md, quéa trinh so sdnh c3p van phai ddm bao tinh logic. Dé
kiém tra, gidi m& ma tran A ban dau thanh ma tran s6 thuc A = [a]
véi a= (Iij+ mu.+uij)/3.TL‘I ma tran A, tim gid tri riéng I6n nhatA__ va
tinh chi s(?; nhat quén (Cl) cung ty s6 nhat quan (CR):

Ol s == (7)

cR :i—*: (8)

Trong dé: Rl 1a chi s6 ngau nhién tuong tng véi cap ma tran .
Diéu kién bat budcla CR < 0,1.Néu CR > 0,1, quy trinh khao sat
phai dugc thuc hién lai dé€ diéu chinh su mau thuan trong danh gia

cla chuyén gia.

[ GOAL: Thi wru bia hidu qui thire hinh ESG ]

|.\ll5i!n.n:!|1|:lEI| | A B (5D | | Crudn tri (G |
(] G2 0] 4] B ] [ (=] (=]

Hinh 1. So d6 mang ludi t6i uu hiéu qua thuc hanh ESG
Mé hinh tinh todn trén dugc dp dung cho s6 d6 mang lugi AHP
nhu thé hién & Hinh 1.

4, KET QUA NGHIEN CUU VA THAO LUAN

4.1. K&t qua danh gia trong sé bang mé hinh Fuzzy AHP

Dua trén két qua khao sat tir 25 chuyén gia théng qua ma tran
so sanh cap My, nghién ctu ti€n hanh tinh toan trong s6 cho 3 tru
cbt chinh (M6i trudng, Xa hoi, Quan tri) va 9 tiéu chi thanh phan.

Bang 4. Ma tran so sanh cap ma (Fuzzy Pairwise Comparison
Matrix) cap 1

Tru cot Méi truong (E) Xa héi (S)| Quan tri (G)

Méi trudng (E) (1,1,1) (2,3,4) (1,2,3)
Xa hoi (S) (1/4,1/3,1/2) (1,1,1) (1/3,1/2,1)

Quan tri (G) (1/3,1/2,1) (1,2,3) 11,1

Ap dung phuong phap cla Buckley dé tinh trung binh nhan
m& va giadi m& bang phuong phéap Trung tam trong luc, ta thu duoc
trong s6 thuc va trong s6 chuin héa cla cac tru cot.

Bang 5. Trong s6 md& va trong s6 thuc chudn héa cla cac tru
cOt ESG

Trong s6 m& Trong sé thuc Trong sé X&
Tru cot | (Fuzzy Weights (Crisp Weight chuin héa hanp
- wi) - Wi) (Wi%) ng
Moi
trudng | (0,35,0,50, 0,65) 0,500 0,510 1
(E)
Xa(sh)‘-" (0,10,0,15, 0,30) 0,183 0,187 3
Q”(zr; 1 0,15,0,30,0,45) 0,300 0,303 2

Kiém tra tinh nhat quan (CR): Ma tran dat ty s6 CR=0,045< 0,1,
dam bao tinh hgp 1é ctia dirliéu chuyén gia. Ti€p tuc quy trinh tuong
tu cho céc tiéu chi cip 2, nghién ctu téng hgp trong s toan cuc
(Global Weight = Trong s6 tru cdt x Trong sé tiéu chi thanh phan)
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dé xac dinh muc d6 uu tién téng thé déi véi cum cang Hai Phong.
Bang 6. T6ng hop két qua trong s6 toan cuc va xép hang uu
tién céc tiéu chi ESG

Tru cot Tlel.l chi Trong s cuc | Trong sé toan Xép
(Trong s6) thanh bo (Local) cuc (Global) hang uu
°ng phéan ; : tién
Phat thai
1) 0,550 0,280 1
Moi <
truong Na“(gc';qng 0,250 0,128 3
(0,510)
Rac thai
(C3) 0,200 0,102 4
An toan
(4 0,450 0,084 5
Xa hoi Nhan sy
(0,187) (C5) 0,300 0,056 7
Coéng dong
(C6) 0,250 0,047 9
Minh bach
(7 0,200 0,061 6
Quan tri <
: Lanh dao
(0,303) (C8) 0,450 0,136 2
S6 héa (C9) 0,350 0,106 4

4.2. Thao luan va dé xuat 16 trinh uu tién

T két qua phan tich Fuzzy AHP (gia dinh), Méi trugng (0,510)
la tru cot dugc hoi ddng chuyén gia danh gia c6 miic d6 quan trong
cao nhat, theo sat la Quan tri (0,303). K&t qua nay phéan anh dung ap
Iuc tuan thu kiém ké khi nha kinh noi dia theo Quyét dinh 13/2024/
QD-TTg dang dat Ién vai cac bén cang. Can c vao bang xép hang
trong s6 toan cug, 16 trinh uu tién thuc hanh ESG tai cum cang
container Hai Phong can tap trung vao cac nhom hanh dong sau:

Uu tién ngédn han (1 - 2 nam t&i) - Quan tri phat thai (C1) va
Cam két nguén luc (C8): Tiéu chi Phdt thai (C1) chi€ém trong s6 cao
nhat (0,280), doi hoi cac bén cang, tir khu vuc Lach Huyén dén hé
théng cang séng Dinh Vi phai khan truong hoan thién hé théng do
ludng sudt phat thai khi nha kinh/TEU. Tuy nhién, rao can vé céng
nghé va von tai Hai Phong van la thach thic I6n. Do d6, tiéu chi
Lanh dao (C8) xép thit 2 cho thay vai trd séng con clia ban lanh dao
trong viéc quyét dinh phan bé ty 1é ngan sach danh cho cac séng
ki€n xanh.

Uu tién trung han (dén 2030) - Chuyén d&i nang lugng (C2) va
S6 héa (C9): Viéc gia tang ty & thiét bi chay dién va dién ba (Shore
power) theo Quyét dinh 2027/BGTVT can dugc thuc hién déng bo
vGi muc d6 tu déng hda quy trinh nghiép vu (C9). Chuyén dich tu
quan ly ban tu déng sang s6 hoa va loT khdng chi gitp t6i uu hoa
van hanh ma con tao ra gia tri niém tin xanh dé dap ng tiéu chuan
bdo cdo bén viing tir cac hang tau qudc té.

Uu tién dai han - Tich hgp yéu t6 Xa hoi: Du cé trong s6 thap
han trong béi canh hién tai, cac yéu t6 vé An todn (C4) va Nhan su
(C5) van la nén tang dé duy tri hoat dong. Dao tao nhan sy vé ESG va
duy tri quan hé hai hoa v6i cdng déng sé cling ¢6 Igi thé canh tranh
dai han cta toan bd hé sinh thai cdng bién Hai Phong trén ban dé
hang hai quoc té.

5.KET LUAN

Nghién ctu da ing dung thanh cong mo hinh lai gitta Delphi
ma& va Fuzzy AHP dé gidi quyét bai toan ra quyét dinh da tiéu chi
(MCDM) phtic tap trong thuc thi ESG tai cum cang Hai Phong. Viéc
chuyén d8i danh gia dinh tinh, ¢ tinh mo hé clia chuyén gia thanh

céc chi s6 uu tién da chi ra rang, gidm thiéu phat thai va cam két
ngudn luc ti ban lanh dao la hai yéu t6 then chét nhat & giai doan
nay. Lo trinh dugc dé xuat khong chi hé trg cac nha quan ly téi uu
hoa dong vén dau tu, ma con gitp cum cang tuan thu cac quy dinh
phép ly qudc gia (Quyét dinh 13, Quyét dinh 2027) va tranh bj tut
hau trong chubi cung Uing xanh toan cau. Han ché clia nghién ctu
la dit liéu khao sat chd yéu géi gon trong hé théng cang Hai Phong,
cac nghién ctu tiép theo c6 thé md rong mé hinh ng dung cho
toan bd hé théng cang bién Viét Nam.

L&i cdm on: Nghién clu nay dugc tai trg bdi Trudng Dai hoc
Hang hai Viét Nam trong Dé tai ma s6: DT25-26.133.
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Nghién cuu hién trang, bién dong méi truong
nuéc khu vuc nuéi long be ven bién Hai Phong

Study on the status and fluctuations of water environment in cage aquaculture in Hai Phong

coastal

> TS TRAN HU'U LONG', THS LUU NGOC THIEN?
Wién Méi trudng, Trudng Dai hoc Hang hai Viét Nam
2\/ién Nghién ctru Hai San
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TOM TAT

(luan tréc chédt lvgng mai truang neac & khu vie nudi ca lang
be ven bién Hai Phong dé dam bao va duy tri chét legng nedc
trong gid tri gidi han (GTGH) bang cach khao sat, do dac truc
tiép céc thong sd hien truang (da sau, da trong, da duc, nhigt da,
pH, dd man, ndng dd oxy hoa tan) bang cac may mac chuyén dung
(Handy lab B0, WTW Turb 353 IR) va céc thang sd (nitrat, amani,
photphat, tdng chét rén lo lirng, nhu cu oxy hoa hoc) phén tich
trong phang thi nghigm dya theo Tieu chuan SMEWW 4a00-ND,.
B:2017, SMEWW 55208:2017, Quy trinh US EPA 200.8. Cac ket qua
dya trén Quy chudn QCVN 10-MT:2023/BTNMT, tiéu chuén Asean
dé xac dinh GTGH cia cac thang sd. Trong nghién ciru, céc thang
sd déu ca biéu hién o nhim dinh dudng. Tuy nhign, mic do o
nhiém & méi ving nudi ciing rét khac nhau, tham chi cuc b khac
nhau giita nhirng khu vurc nudi trong cung viing nudi.

Tir khaa: Nudi ca |ang be; chét lreng nude nudi trang; thiy sén
ven bién.

ABSTRACT

Water quality monitoring in cage aquaculture in Hai Phong coastal
is essential to ensure and maintain water quality within allowable
limits. This study involved direct field surveys and measurements
of parameters (depth, transparency, turbidity, temperature, pH,
salinity and dissolved oxygen) using specialized equipment (Handy
Lab B8O, WTW Turb 353 IR). Additionally, laboratory analyses
for nitrate, ammaonium, phosphate, total suspended solids (TSS),
and chemical oxygen demand (COD) were conducted following
SMEWW 4300-NO, B:2017, SMEWW 00208:2017 and US EPA 200.8
procedures. Results were evaluated against the QCVN 10:2023/
BTNMT national technical regulation and ASEAN standards to
determine the threshold limits for each parameter. The study
indicates that all parameters show signs of nutrient pollution;
however, pollution levels vary significantly between farming areas
and even exhibit localized differences within the same region.
Keywords: Cage aquaculture; aquaculture water quality; coastal
fisheries.

1.DAT VAN DE

Hai Phong cé nhiing diéu kién thuan Igi vé diéu kién tu nhién,
moi trudng phu hgp vai sy phat trién nudi trong thdy san ving
ven bd. Nghé nubéi 16ng bé ven bién clia Hai Phong tap trung tai
hai khu vuc chinh 1a Cat Hai va Cét Ba, chat lugng méi trudng nudc
ven bién tuong déi 6n dinh nhung hién nay nuéi tréng thly san
dang gay ap luc dén chat lugng mai trudng nudc, tiém an nguy co
6 nhiém rat cao. Giai phap dé duy tri va thic day phat trién kinh té
thuy san la ddm bao chat lugng nudc tai cac khu 16ng bé cla vat
nudi, nghién ctu nay la budc dau trong kiém soat chat lugng nudc
bao gém: Nhiét dé, pH, dé sau, do trong, d6 man, ndong dé oxy hoa
tan, do duc, téng chat rén lo Iting (TSS), dinh dudng (N-NO,, N-NH,*,
P-PO,*), nhu cau oxy hoéa hoc (COD,, ), ham lugng déu, mé khoéng,
ham lugng kim loai nang (Cd, Pb).
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2. PHUONG PHAP NGHIEN CUU

2.1. Thu mau va bao quan mau

Dua trén Tiéu chudn Viét Nam (TCVN) TCVN 6663-3:2016 (ISO
5667-3:2012), nhdm nghién ctru da st dung dung cu Niskin Vandorn
Sampler loai 5 lit @& |dy mau nudc tai 4 vi tri bé nudi cd dinh. Tan suat
Idy mau la 1 lan/thang, kéo dai tir thang 4 dén thang 8. Cac mau
nudc dugc thu thap tai hai ting nudc (mat va dy) véi toa do cu thé
nhu sau:

- Khu vuc Hang Vem - Vung O: CB1 (107°3'35.41"E,
20°44'18.25"N) va CB2 (107°3'44.16"E, 20°44'17.49"N).

- Khu vuc hon Thoi Quyt - Gia Luan: CB3 (106°58'48.13"E,
20°51'48.48"N) va CB4 (106°58'59.23"E, 20°51'46.32"N).

Bdo qudn mau: Cac chi tiéu muéi dinh duéng (N-NO,, N-NH,*,
P-PO,*) dugc bao quan & nhiét d 4°C. BSi véi T-N, T-P, COD va déu
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m& khoang, mau dugc axit hoa bang bang axit H,50, pH=2 trudc
khi van chuyén vé phong thi nghiém theo Tiéu chudn SMEWW
4500-P.E:2017 [1].

2.2. Phuong phap phan tich

*Phan tich bdng phuong phdp ly - héa:

- TSS: Xac dinh bang phuang phap loc hat chan khéng (mau
1.000 ml) qua gidy loc sgi thuy tinh, rifa loai mugi, say & 105°C dén
khéi lugng khéng déi va can [2].

- COD: Oxy hoéa bang KMnO, trong méi trudng kiém & 105°C,
sau d6 chuén do lugng du bang dung dich Na,$,0, 0,02N vi chi thi
hé tinh bot [3].

- Dau mé: Chiét 1dng-16ng tur 3 lit nudc bién bing n-hexan, lam
sach qua Na,SO,, sau d6 c6 bay hai dung méi va sy dén khéi lugng
khéng d6i & 82°C.

*Phdn tich bding quang phé (DREL 6000):

- Nitrit va Orthophotphat: Do mau truc ti€p tai budc séng
tuong Ung la 543 nm (N-NO,) va 880 nm (P-PO,*).

- Amoni: Chung cat 100 ml mau trong moi trudng kiém dac,
hé&p thu bang axit H,50, 0,02N, sau d6 tao mau véi thudc thir Nessler
va do tai budc séng 420 nm.

* Phdn tich kim logi ndng: Cac nguyén t6 Cd, Pb, Hg duoc xac
dinh trén hé théng ICP-MS NEXION 2.000 B theo tiéu chuan US EPA
200.8. Mau dugc loc qua mang 0,45 um va pha lodng trong dung
dich axit HNO, 2% trudc khi do truyc tiép.

2.3. Péanh gia chit lugng nuéc va rai ro méi trudng

Cong tac danh gia chat lugng méi trudng nudc tai khu vuc
nuoéi tréng dugc thuc hién dua trén viéc so sanh két qua quan trac
véi GTGH quy dinh tai QCVN 10-MT:2023/BTNMT [4] va céc tiéu
chuan khuyén nghi tir Asean [5]. Song song véi d6, muc d6 ruiro &
nhiém moi trudng bién dugc x4c dinh theo quy trinh tai Théng tu s6
26/2016/TT-BTNMT [6], dua trén tiéu chuan hién hanh.

Chi s6 rai ro (RQ) dugc tinh toan théng qua cong thc sau:

MEC
RO PNEC
ie1 W
Trong dé:

RQ: Chi s6 rtii ro 6 nhiém méi truding (xép loai theo thang phan cap).
MEC: N6ng d6 thuc té clia chat gay 6 nhiém j trong méi trudng.
PNEC: Ngudng néng d6 gidi han cho phép cta thong sé j.
M:Téng s6 thong s6 & nhiém dugc dua vao danh gia.

Wj: Trong s6 tuong Uing clia théng sé rdiro j.

3.KET QUA

3.1. Hién trang, bién déng théng s6 méi truéng nén co ban

3.1.1. Nhiét @ nudc

Nhiét d0 nudc dao dong tu 21,4 - 32°C (trung binh 28,6°C),
bién thién dong nhat vai nhiét do khong khi va nam trong nguéng
sinh trudng téi uu cla ca bién nhiét dgi. Chénh léch gilta hai tang
nudc (tdng mat, tng day) thudng thap (0,1 - 0,9°C), nhung c6 thé
dat muc cuc bo (1,6 - 1,9°C) vao cao di€ém ndng néng thang 7.
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Hinh 1. Bién dgi nhiét dd nudc bién ting mat, tang day

3.1.2.Tri s6 pH

Gia tri pH dao dong tur 7,92 dén 8,29, mang tinh trung tinh
hodc kiém yéu. Chi s6 nay tuang déi 6n dinh va nam trong nguéng
phu hgp cho méi trudng nudi trong thay san.

3.1.3. D¢ sau, dé trong

- DO sau: Dao dong tu 2,8 - 9,1m, phu thudc vao dia hinh va
thay triéu (bién d6 triéu I6n, tir 1,6 dén > 3 m). Khu vyc CB1, CB2 ¢6
d6 sau I6n hon CB3, CB4.

- Do trong: Dao déng ti 0,6 - 3,5 m. Do trong thap nhat vao
mua mua do anh huéng ti dat lién. Khu vuc CB3, CB4 duc hon khu
vuc CB1, CB2 do dac thu dia hinh va t6c d6 dong chay.

i f) pdw ==l =a IK) Troag

Hinh 2. Bién ddi d sau, do trong

3.1.4.D0 mdn

DO man bién thién manh ti 13,6 dén 32,48%o (trung binh
26,38%0). Vao mUa mua (thang 6 - 8), dd man tang mat giam sau
(< 20%o0) tao sy phan tang rd rét so vai tang day (chénh léch tir 0,1
dén 13,5%o). Theo thay triéu, d& man khi nudc I16n thudng cao hon
khi nuéc rong.

1 s (N} R ¥ — 3 [

Hinh 3. Bién d6i d6 man nudc bién tang mat, tang day

3.1.5.Néng dé oxy hoa tan trong nuéc (DO) va dé duc

- Oxy hoa tan (DO): Dao déng 3,5 - 6,25 mg/| (trung binh 5,64
mg/l). Nhin chung, néng d6 DO dam bao > 4 mg/l, chi giam cuc bd
xuéng dudi ngudng nay vao sang sém hoac khi nang néng. Tang
mat c6 lugng oxy cao hon tdng day (chénh léch 0,1 - 1,3 mg/l).

- Do duc: Dao dong 1,16 - 10,89 NTU (trung binh 4 NTU). Bo
duc tang cao rd rét vao mua mua (thang 7) va thudng ghi nhan gia
tri & tang day cao hon tang mat
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Hinh 5. Bién ddi dd duc trong nudc bién

3.2. Hién trang, bién déng théng sé dinh duéng, chat hiru co
3.2.1.Téng chdt rdn lo Iiing (TSS)

Dao dong 7,2 - 37,2 mg/I (TB 18,45 mg/l), nam trong gigi han

cho phép ctia QCVN 10:2023 (< 50mg/l). Su khac biét gilta cac tang
nuéc khéng dang ké do dong chay xao trén manh.
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Hinh 6. Bién dgi ham lugng tong chat rén o ling

3.2.2. Mudi dinh duéng N-NO,, N-NH,*, P-PO >

- N-NO, va N-NH,*: Ham luong N-NO, dat chuan (TB 0,015
mg/l) va dang gidm dan nha quy hoach lai I6ng bé. N-NH,* dao
déng 0,024 - 0,21 mg/l, da s dat chudn nhung van vugt nguéng

cuc bd tai mot s6 bé nudi.
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Hinh 7. Bién ddi ham lugng mudi dinh dugng N-N02-
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Hinh 8. Bién ddi ham lugng mudi dinh dung N-NH4+ - P-P043-
Trung binh 0,011 mg/l. DU dat chuan Viét Nam nhung so vdi
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Hinh 9. Bién ddi ham lugng mudi dinh dung P-P043-

3.2.3. Nhu cdu oxy héa héa hoc (COD,, )

Dao dong 2 - 6,91 mg/l (TB 4,05 mg/l), phan Ié6n mau nam
trong nguéng an toan (< 5 mg/l) theo tiéu chuin bao tén.

CO AmgrT)

S o= B W e W B @

Hinh 10. Bién ddi ham lugng CODMn

3.2.4. Ham lugng ddu, mé khéang

Dao ddng 0,1 - 0,56 mg/I (TB 0,32 mg/l). Hau hét céc vi tri déu
vugt ngudng ASEAN (0,14 mg/l), chi s6 nay cé xu hudng gidm dan
va thuéng chi tén tai cuc bo.
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Hinh 11. Bién ddng thanh phan dau, m&khoang

3.3. Hién trang, bién déng ham lugng kim loai nang (Cd, Pb)

DU cac ngudn thai cong nghiép chua phé bién tai viing nudi,
viéc giam sat kim loai ndng van dugc duy tri d€ dam béo an toan
thuc pham. Két qua cho thdy ham lugng cac nguyén t8 déu & muc
rat thap: Hg dudi nguéng phat hién (< 0,1ug/L), Cd (0,02 - 0,24 ug/L)
va Pb (0,25 - 3,27u g/L). Dé&i chi€u v6i QCVN 10:2023/BTNMT, cac chi
s6 nay hoan toan nam trong ngudng an toan cho nuéi tréng va bao
tén thay sinh.

i) CdipgL)
™ T A T s B M — T e
kT st
4 W
i

wiso
(]
Lo wiso
s wasn
o e

chudn ASEAN, nhiéu mau vugt tur 2,22 - 4,38 1an, tiém &n nguy co
tdo nd hoa.
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Hinh 12. Bién ddng thanh phan Cd,Pb
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4. THAO LUAN

Nghién ctru cho thdy méi trudng nudc dang bi 6 nhiém dinh
dudng cuc bg, cé sy phan hoéa rd rét gilra cac khu vuc. Pang chay,
néng dé cac chat 6 nhiém vao mua mua cao han mua khé do luong
mua I6n cudn theo chat thai tur dat lién.

- Vuot ngudng: Nong d6 N-NH,* vuot GTGH tai nhiéu diém;
P-PO,* vugt chudn ASEAN; COD cao (mét s6 nai vuot chudn Trung
Quéc); DO thap cuc bo.

- Nguy ca sinh hoc: Su gia tang chat lo [ing va dinh duéng, két
hagp vaéi tao doc va vi khudn hai (Vibrio, Coliform), tiém an rdi ro gay
hién tugng tdo né hoa va dich bénh trén ca.

- Panh gia rdi ro: Chi s6 rdi ro (RQ) phé bién & muc Thap dén
Trung binh, riéng tram CB2 ghi nhan muc Cao.

Bang 1. Gi4 tri RQ tai cac diém thu mau

Piém
thu Gia tri RQ Panh gia
mau
Thap nhat 0,45
B Cao nhat 1,09 Ruwoonhlem nudc !olen tu thap
dén trung binh
Trung binh 0,73
Thap nhat 0,37
CB2 Cao nhat 219 Rliro 6 nhlemﬁ’nUGc bién tu thap
dén cao
Trung binh 0,87
Thap nhat 0,46
B3 Cao nhat 118 Rliro 6 nhAl‘em nudc \blen tu thap
dén trung binh
Trung binh 0,72
. . Ri ro 6 nhiém nudc bién ti thap
CB4 Thap nhat 0,46 dén trung binh
5. KET LUAN

Mac du s& hiru cac loi thé vé tu nhién va hai van, vung nudi
bién Hai Phong dang d6i mat véi xu hudng 6 nhiém hiru co va dinh
dudng. Trong d6, khu vuc Hang Vem - Vung O ghi nhdn muic d6 6
nhiém bao déng véi ham lugng N-NH,* va COD vugot nhiéu lan gidi
han cho phép (QCVN 10:2023/BTNMT va ASEAN), di kém tinh trang
thi€u hut DO thudng xuyén. Ngugc lai, khu vuc hon Thoi Quyt duy
tri chat lugng nudc 6n dinh hon. Nhin chung, rti ro 6 nhiém tai cac
vung nudi dao déng tir muc Thap dén Trung binh, doi hoi cdng tac
gidam sat moi trudng phai dugc thuc hién dinh ky va chat ché hon.
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Phan tich anh huéng cta cac tham sé khi
dong dén mat 6n dinh flutter cia dam cau

nhip lén

Analysis of flutter derivatives affecting aeroelastic instability of long-span bridge decks
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TGM TAT

Bai bao trinh bay xac dinh van tdc gid flutter tai han cia cdu nhip
|rn theo ma hinh mat cét béng phuang phap brdc lap higu chinh.
Phuong phép nay cho phép xac dinh sy bign thign cia do can
Loga va tan sd fluter trén toan mién van tdc gia theo ca nhanh
udin va nhanh xoén. Trén co siv da, &nh hedng cia cac tham sd khi
dang dén mat dn dinh flutter duoc phan tich, danh gia. Viec don
gian haa qué trinh tinh toan van tdc gid tai han bang cach ba bat
tham sd khi dang ciing dwoc dé cap. Céac két qua ma phang deoc
thuc hign vai si ligu cia cdu Innoshima, Nhat Ban.

Tir khaa: Ma hinh mat cét; mat dn dinh flutter; pheong phap
budac lap higu chinh; tham sd khi dang; cdu Innoshima.

ABSTRACT

The paper presents the determination of the critical flutter
wind speed of long-span bridges using a sectional model based
on the Revised Step-by-Step method. This approach enables the
evaluation of the variation of logarithmic damping and flutter
frequency over the entire wind speed range for both heaving and
torsional branches. Based on these results, the influence of flutter
derivatives on aeroelastic instability is analyzed and assessed. The
simplification of the critical wind speed calculation by reducing
the number of flutter derivatives is also discussed. Numerical
simulations are carried out using data from the Innoshima Bridge.
Keywords: Sectional model; flutter instability; revised step-hy-
step method; flutter derivatives; Innoshima bridge.

1.DAT VAN PE

Mét trong nhitng dang mat 8n dinh nguy hiém nhat cla cau
nhip I6n la hién tugng flutter. Hién tugng nay xay ra khi dam cau c6
dao déng uén va dao déng xoan két hop duéi tac dung clia gié. Mé
hinh mét cét 2 bac tu do cla ddm cau c6 thé dugc st dung trong
phan tich 8n dinh flutter nhu duoc dé cap trong cac tai liéu vé thiét
ké khang gi6 [1, 2]. Cling trong cac tai liéu [1, 2], phuong phéap phan
tich tri riéng phuc dugc dung dé tinh toan van téc gié flutter téi han.

Gido su Matsumoto (Dai hoc Kyoto) da dé xuat mot phuong
phap khac d& nghién ctru 8n dinh flutter clia dam cau nhip 16n, d6
la phuang phap budc lap SBS (Step-by-Step) [3-7]. Trong phuong
phap nay, ban dau dao déng xoan dugc gia thiét co dang diéu hoa.
Phuong phap SBS tiép tuc dugc diéu chinh, hoan thién khi bé sung
yéu t6 can vao gia thiét dao dong xoan va dugc goi la phuang phap
budc 1ap hiéu chinh RSBS (Revised Step-by-Step) [8, 9]. D6 can khi
ddéng va anh hudng cla cac tham sé khi dong (flutter derivatives)
dén mat 6n dinh flutter dugc dé cap dua trén phan tich tinh toan ly
thuyét va thuc nghiém véi cac mat cat chir nhat [3, 4]. Co ché cla
hién tugng flutter va flutter xodn (torsional flutter), ciing nhu vai tro
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cac tham s6 khi dong ti€p tuc dugc lam ré trong [5-9]. Cling trong
tai liéu [9], mét cong thic gan véi cong thiic Selberg dugc xay dung
dé du doén van téc flutter t6i han cho cau nhip 16n.

Bai bdo trinh bay viéc tinh toan van toc gié flutter tdi han bang
phuong phap budc 1ap hiéu chinh véi gia thiét nghiém dang hoan
chinh [9]. Vai trd clia cac tham sé flutter d6i véi mat 6n dinh flutter
dugc phan tich dua trén gia thi€t nghiém nay, déng thai danh gia
tinh todn van téc gio flutter tSi han trong trudng hgp gidm bét cac
tham sé khi déng.

2. NOI DUNG TiNH TOAN

2.1. M6 hinh nghién ctru

Xét mat cit ddm cau nhu trén Hinh 1 véi chiéu réng B, khoi
lugng trén mot don vi dai la m va mé-men quan tinh khéi trén moét
don vi dai 1a 1. D6 cliing chéng udn, d6 ciing chéng xoan lan lugt la
k, va k. Do can uén, d6 can xoan lan lugt la ¢, va c,. Gi6 tac dung
vuéng goc véi dam cau vdi van téc U. Tam udn clia mat cit dam cau
1a S, chuyén vi udn va chuyén vi xodn clia mat cdt dam cau quanh
tam udn lan luot 1a hva a.
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Hinh 1. M6 hinh mat cdt ctia dam cau dao dong dusi tac dung cla gié
Phuong trinh dao déng clia mat cdt dam cau c6 thé dugc viét
dudidang[1, 2].

mh(t)+c,h(t)+kh(t)=L, 0
Io(t)+c,o(t)+ko(t)=M, 2
Cac luc nang va md-men khi dong dugc biéu dién dudi dang
[1,2].
L :1pUZB KH*(K)£+KH*(K)B—d+KZH'(K)a+K2H*(K)£
) Ny Ty : "B (3)
M—IUZBZKA*Kh "KBdt K*4 (K KZA*Kh
« =3P i ( )5+KA2( )7+ (K )Jo+K A, ( )E (4)

Vai rla khéi lugng riéng ca khéng khi, K 1a tan s6 thu gon va
dugc xac dinh:
K= Bo,

(5)

Trong d6: w, la tan s flutterva H;, A’ (i=1, 2, 3, 4) la cdc tham
s6 khi dong.

2.2. Phuong phap buéc lap hiéu chinh

Phuong phap budc lap hiéu chinh ctia GS Matsumoto cho phép
phan tich mat 6n dinh flutter trén ca nhanh uén va nhanh xoan.

2.2.1. Nhdnh xodn

Dao déng xodn dugc gia thiét c6 dang [9]:

o =o,e O sinw,t

Véi:

(6)
Cr

Cr == 7)
2
\/1_ (;F
Hai phuong trinh xac dinh d6 can Loga va tan sé flutter [9].
8, = 2022 10 A 10,00 A |15 02 (S, sin®, +cos6,)

Op

H,

(8)
+ A |H3| (G 5in, +cos6,) - 4; |H, J1+C2 5in, - 4 H|sin6, }
0, =[0} ~Qu} 4~ Q0,0 (A |H}|(1+¢72)  sin,+ 4 1| (1+¢7)sin,

+ A HL 1+ G (cos 6, ~ ¢ sin6) + 4; |H | (cos 0, ~ ¢ sin0,)} (1-¢2 )12 )

2.2.2. Nhdnh uén

Dao dong uén dugc gia thiét c6 dang:

h=hye " sinw,t (10)
Hai phuong trinh xac dinh dé can Loga va tan sé flutter:

5F=2nc”&—anH;—anQz{H; JI+C7 () sin®, +cos9,)

O
J1+C7 sin0, - H, |A;|sin62}

4

(1m

+H, A

A:|(C'F sin0, +cos0,)— H,

2 Py PP 2132 . ol
o =[0; ~ QO H, ~Q Qo H, | A1+ ) sin6, + H, |4,

+Hy| 4|1+ {7 (cos 6, — ¢ sin ) + H,

(1+¢7)sin6,

A|(cos 6, —¢1 sin0,)H(1-¢2 )17 (12)

3.Vi DU TiNH TOAN

3.1. 56 liéu dau vao

S dung cac s6 liéu clia cau Innoshima néi hai mién Honshu va
Shikoku, Nhat Ban [10]: D6 ciing chéng udn El,=8,129"10" Nm?; d6
ciing chéng xoén GI.=6,45"10"" Nm? d6 cting chéng cong vénh £,
=9,695°10'"* Nm?* khai lugng trén mét don vi dai m = 20667 kg/m;
mo-men quan tinh r,/, = 2,136"10¢ kgm; chiéu dai nhip L = 770 m.

Ta co:

4 4 2
I=p,l,; k, =EI, (%) re,=0; k, =EI, (%) +GlI, (%) e, =0(13)

Hinh 2. Cau Innoshima (Nhat Ban)
Ngudn: Wikimedia Commons (Vickerman625, 2010), public domain.

3.2. Phan tich mat én dinh flutter

VGi cac sé liéu clia cau Innoshima trinh bay trong Muc 3.1,
khao sat van t6c gid trong khodng 10 - 150 m/s. Luc gi6 tac dung
cau dugc st dung dudi dang tac dung lén tdm méng [10]. Su
dung phuaong phap budc ldp hiéu chinh, ta xdy dung dugc quan
hé dé thi quan hé gitta van toc gié U véi dé can Loga va tan so
dao déng flutter clia cau Innoshima trén ca hai nhanh xodn va
udn nhu trén cac Hinh 3-6. Mt 6n dinh xay ra trén nhanh xodn
véi van toc gid téi han tim dugc la U = 111 m/s, hoan toan tring
khép vdi tai liéu [10].

0.2 = T T v g v
0f . ]
"
02k " p
"
04F . 1
s .
06 . 1
.
.
-08F T
-1r .-.:r
A2 . M N N N N L
20 40 G0 80 100 120 140
U [mis]

Hinh 3.4 thi quan hé U-6 trén nhénh xodn clia cau Innoshima
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N
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01f .
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U [mis]

Hinh 4. D6 thi quan hé U-f trén nhanh xodn ctia cau Innoshima

9 T T T T T T T
ar . :
ar » 4

L]
2t * 1
r_QLL

1t ]
0 p
At \

_2 i i i i i i i

20 40 60 80 100 120 140
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Hinh 5. D6 thi quan hé U-6, trén nhdnh udn cia cau Innoshima

0.3 T T T T T T T
0.25} \
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Hinh 6. D6 thi quan hé U-f trén nhanh udn clia cdu Innoshima

4. DANH GIA VAITRO CUA CAC THAM SO KHi DONG

Trong muc nay st dung phuong phap budc lap hiéu chinh,
déanh gia vai trd clia cac tham s6 flutter xuat hién trong cac biéu thiic
dd can Loga trén nhanh xodn (8) va trén nhanh uén (11). Nhan thay
réng cac thanh phan A", va tich A" H", c6 vai tro chinh trong nhanh
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x0an (Hinh 7). Trong khi d6, cac thanh phan H", va tich A" H’, c6 vai
tro chinh trong nhanh uén (Hinh 8). Cac két qua nay la phu hgp véi
cac phan tich trong [3, 5, 7, 8].

1.5F
1k

0.5

05t e 4, .

AL| o -=A, *
o -aft A HL 0 2 sing +oosd %ﬂ%

sl | ® ANt M |
o -mlt O A HIC sinid, woosi ) o

-2r ) z’:I 3.1 F.! |,.§ : "
7 i A1+ g) Taind,

25t S 1
8 il LA M, fsind,
20 40 &0 g oo

U [mis]

Hinh 7. Vai trd clia cdc tham s¢ khi dong trong hién tugng flutter, nhdanh xodn

[} T T T
L

5 & -t .

aF| © '"4'r'l;zzH;""l"':"CE]III?{"‘Fﬂml'w'l] .
o -l S H A sin, +oosh, ) o

3| v =0, N sing, "4' .

2H * =;111r!H}‘I'd'd-'lsi.”]}

:50 -1‘u Eﬂ 80 100 120 1-;-(:-
U jmis]

Hinh 8. Vai trd clia cc tham s6 khi dong trong hién tugng flutter, nhanh uén

5.DON GIAN HOA TINH TOAN MAT ON PINH FLUTTER

Nhu & trong Muc 4, két qua mé phong sé cho thay cac tham s6
H",va A* khéng c6 vai trd chinh trong 6n dinh flutter ctia dam cau.
Mot s6 tai liéu ciing da bo qua hai tham sé nay khi mé ta luc nang va
moé-men khi ddng nhu céc phuong trinh (14) va (15).

1, . h . B& ..
L,=-pU B{KHI (K)E+KHZ(K)7+K Hs(K)cx} (14)
Ul oo B e BO o (15)
M, :EpU B*| K4, (K)U+KA2(K)7+K A (K o

Cac Hinh 9 va 10 mé ta su bién thién ctia d6 can Loga khi xét va
khong xét H', va A*, trén ca hai nhanh xoan va uén. Véi van téc gié
thap, hai dung cong dé can Loga kha bam sat, khi van téc gio tang
dan 1én, dac biét & viing trén téi han, hai dudng cong dan tach nhau
ra. Sumat 6n dinh xay ra trén nhanh xoén khi bé qua H", va A*,1a 117
m/s, sai s6 5,41%. Nhu vay, khi xac dinh van t6c gio6 téi han mét cach
gan dung, ta c6 thé bo qua H, va A*,.
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Hinh 9. Su bién thién d9 can Loga trén nhanh xodn khi xét va khong xét H', va A*,
6 T T T T T T T
L]
— .
ol ® XetA,H, o
o khing xét A, H, 5‘
- 2F
0
.2 i A L 't L i A
20 40 60 80 100 120 140
U [mis]

Hinh 10. S bién thién d6 can Loga trén nhanh udn khi xét va khong xét H', va A%,

6. KET LUAN

Bai bdo da trinh bay phan tich mat én dinh flutter cia dam ciu
nhip 16n theo m6 hinh mat cit bang phuong phéap budc lap hiéu
chinh. Céc gia thiét nghiém dugc sir dung duéi dang hoan chinh.
Anh hudng clia cac tham sé khi dong trong mét 6n dinh flutter
dugc trinh bay dua trén cac gia thiét nghiém nay. Cach tinh todn
gan dung van téc flutter téi han khi gidm bét cac tham sé khi dong
cling da dugc dé cap.

L&i cdm on: Nhom nghién ciu tiém nang thiét ké va gia céng
t6i uu san phdm ca khi cé tuong tac khi ddng bang céng nghé tién
ti€én (ma s6: 06-2025-NCTN) tran trong cdm on su hé trg ctia Dai hoc
Cong nghiép Ha Noi trong qua trinh thuc hién nghién ctiu nay.
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Danh gia nguyén nhan nut ban mat cau bé
tong c6t thep qua quan trac bién dang do tai
trong va nhiét dé6 méi truong

Assessment of the causes of cracking in reinforced concrete bridge decks through
monitoring of deformation due to load and environmental temperature
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TOM TAT

Nghién ciru trinh bay két qua khao st va do quan tréc bién dang/
dd ma rong vét not theo nhigt da va tai trong khai thac trong
mot ket cdu ban mat cdu (BMC) beé tong cdt thep (BTCT) thyc
té, bi nirt khi bi phoi 16 truc tigp duai anh ndng mat trai va tai
trong. K&t qué do quan tréc thu dege nhdm phuc vu viéc danh gis
nguyén nhan va tir do dua ra cac khuyén cao khi thi cang va sira
chira dang ket cau nay.

Tir khoa: Do bién dang; ban bé tong; nguyén nhan hu hang; bién
dang nhiét; tai trong khai thac; thay ddi nhiet da.

ABSTRACT

The present study investigates and measures the strains
and crack width variations under temperature changes and
service |loads of a site reinforced-concrete bridge deck that
was cracked and directly exposed to sunlight and traffic loads.
The measurement results are utilized to assess the causes
of damage and subsequently propose recommendations for
construction and repair practices of the deck structure.
Keywords: Strain measurement; concrete deck; damage causes;
thermal deformation; service loads; temperature changes.

1.DAT VAN DE

Trong qua trinh thuc t€, nhém tac gia da gap moét cong trinh
cau BTCT c6 nhiéu vét nit trén mat cau & dong bang song Clru Long,
nai c6 khi hau néng am, nén nhiét va bién d&i nhiét d6 trong ngay
kha cao so véi ca nuéc. Cau dugc thiét ké véi HL-93, két cdu nhip cau
chinh gém 3 nhip khau d% (55+90+55)m (N8-N9-N10) dung dam
hép bé tong du tng luc (DUL) dic hdng can bang, két cau nhip cau
dan khau d6 30 - 40 m dung dam Super-T bang BTCT DUL.

Pac diém chiu luc va khai thac clia ciu la phan cau da hoan
thanh toan bé mé, tru, BMC va lan can g& chdn banh. BMC da dugc
d6 BTCT nhung chua dugc thi cdng I6p phdng nudc mit cau va l6p
tham mat cau. Viéc diing thi cong lam cho két cau BTCT bi phoi 16
dudi anh nédng truc ti€p trong thoi gian khoang 6 nam va chiu tai
trong khai thac la cac phuong tién giao théng dia phuong, cac xe tai
nang ché vat liéu thi cong trén tuyén. Khi dy an dugc tai khéi dong,
két cau cau da dugc khai thac han ché timg nhanh mot trong cac
thai diém khac nhau cho xe ché vat liéu thi cong cadc hang muc con
lai ctia goi thau (chd yéu 1a phan dudng). Qua trinh kiém tra hién
trang két cau cau trudc khi ti€p tuc thi céng déi vai cac hang muc
con lai dé dua cong trinh khai thac phat hién maét s6 khiém khuyét,
tén tai can khac phuc bao gom: (i) NUt bé tong trén bé mat BMC
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& ca phan nhip dan va phan nhip chinh; (i) Cac vét nat doc & day
BMC trong long hop dam nhip chinh & ca hai don nguyén, trong d6
nhanh phai tuyén xuat hién nhiéu vét ndt hon, pham vi kéo dai han.

Pham vi bai bao chi tap trung phan tich véi két cau nhip chinh.
TU céc ton tai trén trén, can thuc hién céng tac kiém dinh véi muc
dich: (i) Kiém tra danh gia cudng d6 bé téng BMC; (i) Xac dinh
nguyén nhan gay nut trén bé mat BMC, nit doc & day BMC. Danh
gia anh hudng clia vét nit déi véi kha néng chiu luc cta két cau, do
bén viing lau dai ctia cong trinh dé c6 bién phap khac phuc trudc
khi ti€p tuc tham hoan thién mat cau va dua céng trinh vao khai
thac; (iii) Thi tai tinh va dong v6i nham danh gia ing xt ctia két cau,
danh gia kha nang chiu luc thuc té€ ctia két cau nhip so vai tinh todn
ly thuyét va yéu cau thiét ké; (iv) Dé xuat bién phap xt ly déi vai vét
nut BMC, dam cdu va cac hu héng cuc bé khac phat hién trong qua
trinh kiém dinh.

Trong nhom cac nguyén nhan gay ra vét nut thi bién dang
do anh huéng cua Ung suat nhiét ciing la mét trong cac yéu t6
can nghién ctu. Nhém tac gia da khao sat va quan trac nhiét do
mdi trudng, nhiét do (nhiét d6) bé mat két cau, bién dang cla két
cdu & cac vi tri co vét nut két cau dé xac dinh anh hudng cda tng
suat nhiét.
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2. HIEN TRANG NUT BMC NHIP CHIiNH

V&t nit bé mat phia trén BMC & 2 dan nguyén phai va trai
tuyén. BMC nhip chinh 1a ban ndp ddm hép b&ng BTCT d8 tai ché
cap C40 (f'c =40 MPa). Dang vét nit 8 mat trén BMC c6 dang nit lugi
mai rta va nut lugi & vudng xuat hién theo cac khu vuc nhat dinh,
khéng nut toan b bé mat. Cac khu vuc xuat hién vét nit xuat hién
mang tinh ngau nhién, gan lién vai cac lan thi cong bé tdng hodc
hoan thién bé mat khi thi céng d6 bé téng. Khu vuc bi nit dang mai
rua thuong la khu vuc c6 bé mat bé téng cé nhiéu xi mang, it cot liéu
I6n dan t&i bi co ngot cuc bé.
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Hinh 1. So hoa mot s6 khu vuc nit BMC dang mai rua trén 3 nhip chinh va 2
don nguyén

Day ban ndp dam hop xudt hién nhiéu vét nit véi cac dac
trung: (i) V&t nit doc day ban (dong thai Ia BMC) xuat hién nhiéu va
nhiéu han & don nguyén phai tuyén; (i) Theo phuong ngang cau,
pham vi xuat hién vét nat doc la & day ban ndp phan gitra ban co
chiéu day 250 mm khong d8i, s6 lugng vét nit tir 1 - 5 vét, khoang
cach céac vét nit doc khoang 45 cm. Theo phuong doc cau, vét nit
doc xuat hién trong pham vi khodng gilta tat ca cac nhip; & gan gitra
nhip vét nut c6 dd ma rong I6n khoang 0,25 mm, chiéu sau tir 50 -
90 mm va nhiéu vét nit hon; vé gan tru thi mudc dé nat giam dan,
dd md réong vét nit 0,15 - 0,2 mm, chiéu sau vét nat 30 - 50 mmy; (i)
Dan nguyén phai va trai ¢ s6 lugng, mat do vét nuit, sy phan bo
tuong ty nhau. Phai tuyén c6 khodng 471 vét nut (trai tuyén 404), c6
chiéu dai tir 0,1 m dén 9 m, d mé& réng tir 0,1 mm dén 0,5 mm. S
vét nit 6 dd ma rong tir 0,25 mm la 228 vét nut (trai tuyén la 201).
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Hinh 2. S¢ hoa vét niit doc & ddy BMC dam hdp, vi tri BCDE N8 - don nguyén trdi tuyén
Ngoai ra, cac vét nut xién mat trong va ngoai sudn dam hép
cling xudt hién nhung khong dé cap trong pham vi bai bao nay.

3. KET QUA KIEM TRA CHAT LUGNG BE TONG VA QUAN
TRAC BIEN DANG/DO® MG RONG VET NUT THEO NHIET DO

3.1. K&t qua kiém tra chat lugng bé tong

K&t qua kiém tra chat lugng bé tédng cho thay, tai cac vi tri bé
téng khéng xuat hién khuyét tat, chat lugng bé tong dam béo theo
yéu cau thiét ké.

3.2. B4 tri diém do nhiét d6 va bién dang/ddé mé réng vét nut

DE& danh gia nguyén nhan gay nit ban mat dam hop, tién hanh

quan trac ing suat bién dang tai 2 mat cat (gira nhip 90 m va vi tri
dudi vét nit doc BMC gén dinh tru) trong thai gian lién tuc trong
7 ngay. Thai gian theo déi trai qua thai diém c6 ndng va nhiét do
tuong déi cao. Trong qua trinh do Ung suat/bién dang, tiing vGi mbi
lan doc so liéu bién dang gém: (i) Do nhiét d6 khong khi; (i) Do
nhiét do trong long hop; (iii) Do nhiét d6 mdt bé tong phia ngoai
dam hop: Mat trén, mat sudn, mat day; (iv) Quan trac nhiét d6 méi
trudng, nhiét 46 bé mat két cau & cac vi tri ¢ vét nut két cau dé xac
dinh anh huéng cda tng suat nhiét.
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Hinh 3. B4 tri diém do quan trdc nhiét do va bién dang/do ma rong vét nit
3.3 Két qua quan trac nhiét d6 trong 7 ngay

Hinh 4. Két qua quan trac nhiét do

Ty 98 s vy st e 0 8 g b gty o

4

Hinh 5. Két qué quan trac thay d6i do mé rong vét nit

ke s, o gy s e B

Hinh 6. Két qua quan trdc nhiét do va thay d6i do mé rong vét niit BMC trong 7 ngay
Bang 1. K&t qua quan trac chénh nhiét dé Ién nhat trong 7 ngay

Nhiét d6 bé mat
trong ngay Do chénh
Vi tri diém do nhiét nhiét trong

Max Min ngay (°C)
(°C) (°C)

Tl (Nhiét d6 khong khi trén mat 33 19,7 133

cau)

Igzilf)’\lhlet d6 bé mat BT trén mat 46,7 219 248
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T7 (Nhiét do khong khi mat day | 19,2 7
hop)

TU két qua quan trac nhiét do ta cling cé két qua do chénh
l&ch nhiét dé I6n nhat trong ngay gilia bé mat bé tong trén mat cau
(diém do T2: 46,7°C) va bé mat day ban nép (diém do T3: 30,4°C) vao
buéi trua la 16,3°C.

T két qua quan trac nhiét dé, ta thay: (i) Nhiét d6 khong khi
do dugc co gia tri I6n nhat la 33°C, thap nhat la 18,9°C, chénh léch
I6n nhat la 13,3°C; (i) Nhiét d6 trong long hop do dugc co gia triI6n
nhat la 31,5°C, thap nhat 1a 29,3°C, chénh léch I1&n nhat la 1,8°C; (iii)
Nhiét dé mat bé tdng phia ngoai dam hoép, phia trén bé mat cau do
dugc cé gia tri l6n nhat la 46,7°C, thap nhat la 20,9°C, chénh léch I6n
nhat 1a 24,8°C; (iv) Chénh léch nhiét d6 I6n nhat tai 1 thoi diém trong
ngay gitta bé mat bé téng phia trén bé mat cau va phia day ban nap
do dugc c6 gia tri 16n nhat |a 16,3°C tai thdi diém gila trua.

Bang 2. Téng hap két qua quan tric thay d6i d6 mé réng vét
nut trong 7 ngay

PO méréng vét Chénh léch/Bién
nut dé thay déi d6 mé
Diém do nit doc réng vét niit trong
Max Min ngay I6n nhat
(um) (nm) (mm)
U1 (giira ban nap) 68,4 -13,2 0,0816
U2 (canh bén nép) 72,8 -21,1 0,0939
U3 (gita ban n3dp gan | 50 -14,6 0,0646
dinh tru P8)
U4 (gilra ban ndp gan dét | 76,7 -1 0,0877
K6)

4. PHAN TiCH NGUYEN NHAN GAY NUT

4.1. Niit bé mat phia trén BMC

Cau két thuc thi cdng phan két cau BTCT tir 9/2019, tai thoi
diém hoan thanh co ban khéng ghi nhan cac vét nit trén cac bé
phan két cau ndi chung va & BMC néi riéng (qua cac BBNT giai doan
trong HSHC va két qua kiém dinh chat lugng céng trinh). Trong giai
doan tir cudi nam 2019 dén khi khai dong lai du an vao nam 2024,
khéng cé cac hoat dong kiém tra danh gia tinh trang céng trinh. Cac
vét nut trén BMC chi dugc phét hién vao thai diém kiém tra cong
trinh d& ban giao cho nha thau méi thuc hién tham va hoan thién
mat cau. Nhu vay, vét nit hinh thanh va phét trién trong giai doan
dung thi cong tir cudi nam 2019 dén nay. V&i két qua thu thap cac
thong tin vé hé théng vét nit, nhdm tac gid phan tich nguyén nhan
gay nut va dua ra cac nhan dinh sau:

- V&t nuit xuat hién & cac khu vuc c6 lién quan dén cong tac thi
cdng va chat lugng clia cong tac thi cdng vi cac ly do sau: Su phan
b6 clia vét nut khdng theo dic diém cta két cdu ma xudt hién &
cac khu vuc lién quan dén cac giai doan thi cong (d6t duc thi cong,
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pham vi d6 bé téng cling dot) hodc lién quan dén chat lugng hoan
thién bé téng bé mat (cuing mot dét thi cdng, pham vi dé bé tong
cung dgt nhung muc dé xoa gat lam cho bé mat c6 lugng xi mang,
cap phéi chita nhiéu hat nho bi nit nhung nhiing chd xung quanh
khong nut hodc nut it hon, nut do co ngot va cudng buc cuc bg).

-Nguyén nhan gay nut la do cong tac hoan thién va bao duéng
bé téng ciing nhu tac dong méi trudng ma khéng phai do yéu té tai
trong ban than va hoat tai khai thac (chua khai thac). Tac dong cda
moi trudng la su thay déi nhiét dé trén bé mat két cdu cling nhu do
&m mai trudng. Tinh chat cta vat liéu |a su co ngét cla bé téng theo
thai gian. V&t nit dang mai rua do su co ngot cuc bod cling nhu su
khéng déng nhat vat liéu bé tong. V&t nut dang Iudi cht nhat hoac
6 vudng tai vi tri c6t thép la do su sut clia bé tong tuai khi chiéu day
1&6p bdo vé méng.

- Hién tugng bé mat nit xuat phat tir dnh hudng cla Ung suat
nhiét co ban khéng c6 co hoi xuat hién va phat trién néu sau khi
bé tdng BMC d cudng ddé thi ti€p tuc thi cong I6p tham vi trong
trudng hgp dé gradient nhiét d6 va su bién d8i nhiét do theo thai
gian & BMC khong cuc doan nhu truong hgp khong cé 16p tham
bé tong nhua. Gia st trong thai gian chua thdm c6 cac chu trinh
Ung suat nhiét cuc doan thi s6 lugng vét nit, pham vi ¢ nut cling
khong nhiéu, @& ma réng vét nit nho vi qua trinh gay ndt khong
1ap dilap lai.

4.2, Niit doc & mat dugi BMC dam hép

VEé mat chiu luc, BMC lam viéc theo phuong ngang cau va cha
yéu chiu hoat tai cing nhu tac ddng nhiét. V&t nut doc chi dugc
phat hién trong lan kiém tra vao thang 10/2024. Khac véi vét nat
trén bé mat BMC, bé mat & dudi day BMC phan bé co tinh quy luat
va phu hop véi dang vét nit uén theo phuang ngang do hoat tai
ma khong thé hién su lién quan tdi trinh tu thi khong va chat lugng
vat liéu. Do cau da khai thac trong mét thdi gian ngén, cac hoat tai
nang qua cau la xe ch vat liéu thi cdng cho du an (xe chay trén BMC
chua 6 16p tham bé tdong nhya) nén nguyén nhan nut do hoat tai
cling can dugc xem xét. Tuy nhién, thai gian khai thac chua nhiéu
khi do chua cé khe co gian gilra nhip dan va nhip chinh nén cac xe
chi c6 thé di qua tiing chiéc mét nén anh hudng cla hoat tai dé gay
ra vét nut la khéng nhiéu.

V6i cac thong tin trén, nhom tac gia tim hi€éu nguyén nhan gay
nut doc & day ban ndp dam hép theo hai hudng: (i) Thiét ké BMC co6
hé sé an toan thap hoac bé tri c6t thép cdu tao thiéu; (i) Cac yéu té
tdc dong ngoai du béo thiét ké, cu thé 1a ing suat/bién dang nhiét
do su chénh léch nhiét d6 trén bé mat va phan dudi két cau dam
hoép. Viéc ra soat ho so thiét ké phuc vu hudng nghién ctu tha 1,
viéc th( tai (do bién dang/d6 ma réng vét nat dudi tac dung clia
hoat tai th) va quan trac bién dang nhiét phuc vu huéng nghién
cdu thu 2.

K&t qué nghién ctiu cho thay: Thiét ké BMC dé chju luc theo
phuong ngang vé mat bé day, cudng do bé tong vdi bé réng mat
cat ngang tuong tu cling giéng da sé cac cau dam mat cat 1 hop co
cung bé rong mat cat ngang. Tuy nhién, bé tri c6t thép ngang & day
ban (chéng nut doc do udn cla hoat tai gay ra va c6t thép cau tao
chéng co ngét, ting suat nhiét) co ham lugng it hon & thiét ké tuong
tu & cac du an khac. Cu thé, d6i vai cac cdu dam hop co cung bé
rong mat cdt ngang, ¢t thép thudng theo phuong ngang & cau bo
tri thép D16@300, trong khi mét s6 du an khac bé tri thép D16@150
hodc thép D20@200. Trudng hgp khéng c6 cap DUL ngang, cac cau
thudng bé tri cot thép ngang la D20@150 hodc D22@150. Ngoai ra,
khoang céch gilra cac ¢t thép DUL & ban theo phuong ngang cau
1a 1.000 mm (khu vuc gitta nhip) va 1.250 mm (khu vuc gan tru) la
kha 16n so véi cac thiét ké khac. Nhu vay, vé mat thiét ké, khi kiém
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toan trang thai gidi han cuong dé dat nhung & trang thai gidi han
st dung c6 thé khong dam bao yéu ciu vé khéng ché dd mé rong
vét nut.

Két qua quan tric cho thdy, bé rong vét nit thay déi theo su
thay d&i cGia nhiét 86 bé mat bén trén cia BMC hay gradient nhiét
dé trén chiéu day ban. Nhiét d6 bé mat phu thudc vao miic do buc
xa nhiét clla mat trgi va thudng la rat cao trong cac ngay trdi quang
may va c6 d6 chénh nhiét d6 ngay dém Ién.

Bang 3. Téng hgp két qua quan trac thay déi dé rong vét nut
doc day ban dam hoép va nhiét d6 bé mat két cau

Nhiét d6 bé mat trong ian dé o
Vi trif ngay (€) thaydgi | Bomérong
D.i &m N dé réng ve} nutlén
do ) DAQ V&t nut nhat do hoat
Max Min chénh tai (mm)
nhiét (mm)
T2-U2 | 46,7 19,6 271 0,0939 0,0258

Két qua do dé ma rong vét nit do hoat tai cho thay d6 mé
rong vét nut do hoat tai thi xép bat loi theo phuang ngang cau
bang khodng 27,5% bién do6 thay ddi d6 ma rong vét nit do tng
sudt nhiét gay ra trong thdi gian quan trdc 7 ngay. Can luu y thoi
gian quan trdc ngan nén chua phai la bién dé 16n nhat xuat hién
hang nam. Nhu vay, danh gia nguyén nhan gay nut xuat phat tu
viéc két hgp gila: (i) Thiét ké chiu luc theo phuong ngang cé hé sé
an toan thap, bé tri cot thép ciu tao c6 xu hudng tiét kiem; (i) Ung
suat & day BMC (pham vi c6 chiéu day khéng déi bang 250 mm) do
Ung suat nhiét va hoat tai xe 16n hon kha nang chiu kéo cta bé tong
gay nut. Ung suat nhiét cling c6 tinh chat 13p di I3p lai theo chu trinh
Ung suat hang ngay (ngay nang to) gay nut doc & day BMC trong
pham vi chiéu day ban khéng thay déi.

Dac diém Ung suat nhiét dang xét la gay uén BMC theo phuang
ngang, pham vi nguy hiém nhat la trong khoang gitia c6 chiéu day
ban khéng d6i va méng nhat (250 mm). Khi nhiét @& mat trén ban
cao nhat thi iing suat kéo (hodc dd ma rong vét nat khi da nut) dat
gié tri I6n nhat. V&t nit udn chi xuat hién & day ban ma khong thé
nut xuyén qua ca chiéu day ban vi khi d6 theo phuong ngang cau
phia trén la viing nén. Khao sat bé mat vét nut cho thdy tinh trang
kho rdo, khéng c6 dau hiéu bi 8m hodc hién tuong nhi da, ciing
khang dinh két luan nay.

BMC c6 b6 tri c6t thép thudng va c6t thép DUL dé chiu luc
theo phuong ngang cd ban giéng nhau theo phuong doc cau, tuy
nhién khu vuc bi nit nhiéu hon tap trung & gita cac nhip. Nguyén
nhén cla hién tugng nay dugc gidi thich bing yéu t6 sau: § gitta
nhip chiéu cao sudn dam nho, d6 cling chéng uén ngang sudn dam
I6n hon => anh hudng ctia d6 cling ngang sudn dam lam giam hiéu
qua cta DUL ngang d6i véi khu vuc gilra 2 sudn dam sé 16n hon.

4.3. Danh gia anh hudng ctia vét nit t6i kha nang chiu luc
va dé bén lau dai

Vi cac vét nit c6 nguyén nhan tir thi cdng va tac dong ti iing
sudt nhiét thi khong anh hudng dén kha nang chiu lyc. Tuy nhién,
khi @€ cac vét nit nay tiép tuc phat trién trong giai doan van hanh
khai thac cong trinh cau thi sé anh hudng dén kha nang chiu luc va
dd bén lau dai. Véi cac vét nit ¢ nguyén nhan do thiét ké c6 hé s6
an toan thap, do bo tri c6t thép cdu tao khong dam béo kha nang
khéng ché dé nut, c6 thé anh hudng t6i kha nang chiu luc va do
bén lau dai.

5.KET LUAN
DaGi vai vét nit doc & day ban ndp dam hép cau chinh la do

Ung sudt nhiét gay ra bai gradient nhiét (chénh léch nhiét do gitia
hai bé mat cta ban) va do ham lugng cét thép ngang 16p dudi it
cng nhu anh hudng cla lyc huéng tam do dé cong clia cap DUL
ngang cau. T6 hap hoat tai xe gém cac banh xe di gitta ldng hop
theo phuong ngang + nhiét d6 bé mat trén ca ban 16n nhat (budi
trua, chiéu ngay trsi ndng) la t6 hop gay tng suat kéo theo phuong
ngang lén nhat & day ban. Tuy nhién, cac vét nut nay khéng anh
hudng hodc anh hudng khéng dang ké (trong pham vi cho phép vé
mat ky thuat) déi véi kha nang chiu luc téng thé clia két ciu. Kién
nghi bién phap stta chiia véi cac vét nit dang nay la: (i) Thuc hién
viéc stra chlra cac vét nit & bé mat BMC trudc khi thi cdng 16p phong
nudc va tham mat cau; (ii) sta chita cac vét nit doc & day BMC chinh
dam hép bang bom keo epoxy hodc quét keo epoxy tuy vao dé mé
rong cla vét nut, & vi tri gilra nhip c6 thé tang cudng day ban vat
liéu FRP bdm dinh ngoai.
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Research on the application of the “Fast Rolling Stock” module in RM bridge software to
determine dynamic parameters of high-speed railway bridge structures
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TOM TAT

Rai bao phan tich dang luc hoc cia ket cdu cdu duang sét cao
tdc dang dam hap nhip gidn don vai chiéu dai nhip 30 m, sir dung
bé tdng cd cuing dd chiu nén dic treng =40 MPa va cap du
irng lvc ca duang kinh 15,2 mm. Nghién citu duge thyc hign bang
ma-dun "Fast Rolling Stock” trong phan mém RM Bridge dé phan
tich tweng tac dang luc hoc giita tau va cdu, vai tic di coa doan
tau 1a 2al km/h va 350 km/h. K&t qua phan tich chi ra réng,
gié tri van tdc, gia tac va chuyén vi cia cdu déu ndm trong gidi
han cho phép theo tiéu chuén Eurocode va khang xuét hign hign
tugng cing hudng trong cé hai treing hop van tac. Cac ket qua
nay khéng dinh tinh khé thi va higu qué cia viéc st dung ma-
dun “Fast Rolling Stock” trong thigt ke va phan tich két céu céu
DSTOC tai Viat Nam.

Tir khaa: Duirng sét tdc do cao; Fast Rolling Stock; RM Bridge;
ddng luc hoc; hién teeng cong hudng.

ABSTRACT

This paper analyzes the dynamic response of a high-speed
railway bridge structure in the form of a simply supported box
girder with a span length of 30 m. constructed using concrete
with a characteristic compressive strength of f'c=40 MPa and
prestressed cables with a diameter of 15.2 mm. The study is
conducted using the “Fast Rolling Stock” module in RM Bridge
software to evaluate the train-bridge dynamic interaction at train
speeds of 200 km/h and 350 km/h. The analysis results indicate
that the bridge's displacement, velocity, and acceleration remain
within the permissible limits specified by Furocode standards,
with no resonance phenomena observed at either speed. These
findings confirm the feasibility and effectiveness of employing the
“Fast Rolling Stock” module for the design and dynamic analysis of
high-speed railway bridge structures in Vietnam.

Keywords: High-speed railway; Fast Rolling Stock; RM Bridge:
dynamics; resonance phenomenan.

1. DAT VAN BE

Luat Budng sat 2017 quy dinh: Pudng sét téc do cao (BSTPC)
la mét loai hinh dudng sat qudc gia cé téc do thiét ké tir 200 km/h
trg 1én, c6 khé dudng 1.435 mm, dudng doi, dién khi héa (2017) [1].

Hiép hoi Budng sat qudc té (UIC) dinh nghia DSTDC la mot
hé thong cho phép tau khai thac véi van téc = 250 km/h trén tuyén
dudng sat xay dung mdi, hodc tir 200 km/h trén tuyén dudng sat
hién tai.
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Theo Tiéu chudn EN 1991-2: Eurocode 1 - Actions on structures
- Part 2: Traffic loads on bridges (2003) [2], quy dinh lién quan dén
gia t6c¢ doc (vertical acceleration) dé hanh khach c6 cdm giac dé
chiu trén tau cao toc va dd bén cla két cdu cau vé dong luc hoc,
dac biét cha y dén hién tugng cong hudng gay bat loi cho két cdu
DSTDC [2, 3, 41. Hién nay trén thé gidi, viéc mé hinh va tinh toan ting
xU dong luc hoc gilta tau - cau thudng st dung cac phan mém phan
tich két cau nhu Midas, SAP2000, Abaqus, RM Bridge... Trong do,
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phan mém RM Bridge v&i mo-dun “Fast Rolling Stock Analysis” dugc
Ung dung rat hiéu qua dé tinh toan gia t6c thang dung clia dam
theo van t6c va chiing loai tau.

Fast Rolling Stock la m6t mé-dun trong RM Bridge, dugc thiét
ké dac biét d€ moé phdng va phan tich cac hiéu tng déng luc hoc
cho cac két cau ciing nhu cho doan tau chay qua két cau cau.

Mé-dun nay giup phan tich Ung xtr gitra két cdu nhip cau va
doan tau. Trong dé, cac théng sé nhu toc do, khéi luong doan tau,
dac tinh hé théng treo va quy dao di chuyén dugc dua vao mé hinh
dé xac dinh cac phan (ing cta cau.

Do d6, nghién cliu Ung dung nay dé ap dung cho cong tac
tinh toan, phan tich lua chon két cau dam cau cho cac du an BSTDC.

2. NGHIEN CUU MO-DUN “FAST ROLLING STOCK” XAC
PINH CACTHONG SO PONG LUC HOC KET CAU

2.1. Mé hinh két cau

Trong nghién ctu nay, st dung phan mém RM Bridge dé mé
hinh héa va tinh toan déng luc hoc ctia cau BSTPC. Chiéu dai dam
tinh toan L = 30 m (chiéu dai thuc t&€ dam 30,6 m), két cau dam hop
nhip gian don, chiéu cao dam H = 3,00 m (L/10,0) (Hinh 1, Hinh 2).
Céc théng s6 dau vao d€ mé hinh mat cat nhu: Chiéu cao dam, chiéu
rong ctia dam va bé day ban bung, canh dam... Hinh 4 dugc tham
khao trong cong bé khoa hoc cta H. Xia and N. Zhang (2005) [5].
Chiéu dai dam nghién ctiu tuong duong véi cac chiéu dai dam duoc
st dung trong mot s6 két cau cau DSTPC dang dugc cac don vi tu
van thiét ké [6] tai Vit Nam nhu: TEDI, TRICC... dé xuat cho du an
PSTBC Béc - Nam (2022) [71].

Cap du ting luc: Sirdung 10 bé cap du ting luc, méi bo 12 tao loai
tao ¢ dudng kinh 15,2 mm (10B12T15.2) dugc b6 tri nhu Hinh 3.

Bé tong dam cé cuong d6 chiu nén dac trung f'= 45 MPa,
trong lugng riéng y = 24,5 kN/m?*; hé s6 poisson: 0,3; mo-dun dan
hoi E_=39.440.000 kN/m?; hé 56 gian n& nhiét: 1,17*10°,

Hinh 1. M6 hinh két cau dam hdp nhip gian don L=30m
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Hinh 4. Mét c3t ngang dam hop [5]

Nghién ctru nay st dung tai trong doan tau trong tiéu chun
Eurocode 1 - doan tau dugc gia dinh la cac tai trong di dong nhu
Hinh 5, Hinh 6. Tai trong truc va khodng cach cac truc clia doan tau
theo Bang 1.

Trong nghién ctiu nay, tai trong doan tau dugc xac dinh theo
cac quy dinh trong EN 1991-2 [2], trong d6 doan tau dugc giad dinh
nhu mét hé tai trong di dong tac dung lén két cdu cau. Cu thé, mo
hinh tai trong duoc biéu dién dudi dang chubi cac tai trong truc
chuyén déng véi van téc khong déi doc theo nhip ciu, nhu minh
hoa trong Hinh 5 va Hinh 6.

Gia tri tai trong truc va khodng cach gitia cac truc dugc thiét
1ap theo quy dinh tiéu chudn EN 1991-2 [2] va dugc trinh bay chi tiét
trong Bang 1. Cach tiép can nay cho phép mé phong hgp ly tuong
tac dong luc gitra doan tau va két cau cau, déng thai ddm bao tinh
nhat quan vdi cac gia thiét thiét ké cau dudng sat trong hé théng
tiéu chuan chau Au.
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NGHIEN CUU KHOA HOC

Van téc tinh toan cho doan tau: V = 250 km/h (khai thac 220
km/h, truéng hgp 1) va V=350 km/h (khai thac 320 km/h, truéng
hgp 2).

Trén co s& cac doan tai trong tau hang va tau khach, s&r dung
mé-dun Fast Rolling Stock dé€ xéac dinh cac tham s6 chuyén vi va
gia t6c. D& két qua nghién cuiu thién vé bat Igi hon so véi doan tau
thuc té da dugc B. Yan, G.-L. Dai and N. Hu céng bé (2015) [8], trong
nghién ctu nay st dung doan tau HSLM-A [2].

2.2. Phan tich két qua

2.2.1. Két qua thu duoc khi s& dung mé-dun “Fast Rolling Stock
analysis”

2.2.1.1. Truong hop 1: Téc dé cdia doan tau V=250 km/h

o et i s R

Hinh 7. Biéu d6 chuyén vi, van tdc, gia téc thang diing tai mat cdt giiia dam vi t6c
do doan tau V=250 km/h

Két qua phan tich dap tng déng luc cla két cau cau dudi tac
dung doan tau cho thdy cac dai lugng dac trung (chuyén vi, van téc,
gia t6¢) déu 6n dinh, khéng xuat hién ddu hiéu bat loi.

Chuyén vi cuc dai dat 0,003 m tai gidy thi 293; c6 dang dao
doéng diéu hoa bién do nho, khéng tang dot ngodt theo thdi gian.
Diéu nay ching té dé cling két cau da I16n dé kiém soat bién dang
dudi tai trong déng, dap Ung yéu cau trang thai gisi han st dung
(SLS) theo EN 1990.

Van téc cuc dai dat 0,020 m/s tai gidy thu 298, véi dang séng
gan diéu hoa, phan anh dao dong tuyén tinh. Khéng ghi nhan hién
tugng khuéch dai hay phi tuyén, cho thay két cdu lam viéc trong
mién dan hoi, phu hgp vdi gia thiét phan tich dong luc hoc tuyén
tinh va viéc lya chon hgp ly cac tham sé dong luc hoc.

Gia t6c cuc dai dat 2,54 m/s” tai gidy th( 173, gia tri nay ném
trong gidi han cho phép theo EN 1991-2, ddm bao an toan va d6 ém
thuan cho hanh khach. Tuy nhién, cac diéu kién bat Igi nhu cong
huéng cuc bd hay suy gidm dé cling c6 thé lam gia ting gia tri nay
va can dugc nghién cru thém.

Két qua phan tich dong luc hoc cho thay cac bién dé dao déng
6n dinh, khéng xuat hién cdng hudng giira tan sé kich thich va tan
s riéng. Do d6, & van t6c V = 250 km/h, két cau cau dap ung tét yéu
cAu cac trang thai giéi han va khéng phét sinh hiéu tng dong luc
hoc bat lgi.

2.2.1.2. Truong hop 2: Téc d cua doan tau V=350 km/h

MAVWAAAAN/

Hinh 8. Biéu d6 chuyén vi, van tdc, gia téc thang diing tai mat cit giita ddm vi téc
d6 doan tau V=350 km/h
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K&t qua phan tich dap tng déng luc ctia két cdu cau dudi tac
dung ctia doan tau véi van tdc V = 350 km/h cho thdy su gia tang rd
rét cla cac dai lugng dong luc hoc so véi trudng hop van téc thap
hon, déng thai van duy tri dugc trang théi lam viéc 6n dinh cta hé
két cau.

Chuyén vi cuc dai dat 0,003 m tai gidy thir 213s, tuong duong véi
trudng hop V = 250 km/h. Tuy nhién, bién d6 dao dong cé xu hudng
tang, phan anh su gia tang anh hudng ctia tai trong déng. Mac du vay,
gid tri tuyét ddi clia chuyén vi van nhd, khdng dinh dé cling téng thé
cao clia két cau va kha nang kiém soét bién dang hiéu qua, dap ung
yéu cdu clia trang thai gidi han sir dung theo EN 1990.

Van téc dao dong cuc dai dat 0,038 m/s tai gidy thi 240s, xap
xi gap doi so véi trudng hop van téc 250 km/h. Dang soéng van toc
thé hién muc d6 dao déng 16n hon va c6 dau hiéu nhiéu loan ro rét,
cho thay anh hudng dang ké cda tai trong dong va tuong tac doan
tau-cau lam tang kha nang xuat hién cac thanh phan phi tuyén hoac
hién tugng chong chap clia nhiéu dao dong.

Gia t6c cuc dai dat 3,70 m/s® tai giay th(r 131s, ting khoang
45% so v6i trudng hop V = 250 km/h va vuot nhe ngudng khuyén
nghi 3,5 m/s? theo EN 1991-2. Biéu nay cho thay, & van téc khai théc
cao, can dac biét luu y dén cac van dé lién quan dén su thoai mai
cta hanh khach va 6n dinh chay tau. Ngoai ra, su xudt hién clia dao
déng manh véi mat dé tan s6 cao c6 thé 1a diu hiéu cho thay tan s
kich thich cGa doan tau tiém can vSi mot hodc mot sé tan sé riéng
cla két cau, dan dén hién tugng khuéch dai cuc bo vé gia téc.

TU cac phan tich trén c6 thé nhan dinh ring, & van toc 350
km/h, két cdu cau van dap Ung yéu cau vé dé cling va én dinh téng
thé, tuy nhién cac chi tiéu vé gia téc da ti€én gan hodc vugt nhe gigi
han cho phép. Do d6, can xem xét cac giai phéap t6i uu héa nhu téng
cudng d6 cuing, diéu chinh tan sé riéng hodc bé sung thiét bi gidam
chan nham cai thién dap ting déng luc, dac biét trong boi canh khai
thac & van tdc siéu cao.

2.2.2. Phén tich két qua

Khi khai thac tau BSTDC, dac biét la tau khach, tiéu chi danh
gia an toan va cdm giac dé chiu clia ngudi ngdi trén tau théng qua
théng s6 déng luc hoc gia téc thidng ding cta dam, cu thé tiéu
chudn danh gia d6 véng, dao dong cau dudng sit dugc quy dinh
trong Muc A2.4.4, tiéu chudn Eurocode 0, EN 1990:2002, Phu luc A2
[9]: A2.4.4.2.1 - Gia tOc cuc dai ciia dam nhé hon cac gia tri sau:

DBudng tau chay cé da ballast: y,, = 3,5 m/s%

DBudng tau chay khong co da ballast: y, = 5 m/s?;

Theo tiéu chudn EN 1991-2, chuyén vi ti da cho phép la L/800 [2].

Nghién ctiu st dung mé-dun “Fast Rolling Stock” dé xac dinh
cac théng s6 déng luc hoc ctia cau BSTDC, tir d6 dinh hinh két
cdu, diéu chinh mat cat ngang va chiéu dai nhip nham tranh céng
hudng, ddm bao yéu cau thiét ké theo Eurocode [9] va phuang phap
mo hinh da dugc V. . Nguyén va cong su nghién ctru (2021) [10].

Gia tri chuyén vi cuc dai clia ca hai trudng hgp déu c6 gia tri 0,003 m
(3 mm), van trong gi6i han cho phép. Theo tiéu chuin EN 1991-2 (2003)
[2], chuyén vi t6i da cho phép la L/800=30.000/800=37,5 mm. Chuyén
vi 3 mm nay thap hon rat nhiéu so véi gia tri giéi han [7], cho thay cau
€6 d6 cling dap Uing yéu cau va it bién dang do doan tau gay ra. Khi van
toc tang tir 250 [én 350 km/h, van t6¢ cuc dai tang tir 0,020 1én 0,038 m/s
(tdng 90%), trong khi chuyén vi gan nhu khéng déi nhung bién dé dao
déng tang ré rét, phan anh su gia tang hé s6 khuéch dai déng (dynamic
amplification factor - DAF). Biéu nay cho thdy anh hudng cuda tai trong
déng tré nén chi phoi hon 6 van téc cao, du van nam trong gidi han chap
nhan dugc.

Gia t6c cuc dai ctia két cdu ghi nhan su gia tang dang ké, tu
2,54 m/s*> & van téc 250 km/h 1én 3,70 m/s*> & van téc 350 km/h,
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tuong Ung véi muc tang khodng 45%. Su gia tdng nay ¢ y nghia
quan trong vé mat khai thac, do gia téc la théng sé truc ti€p chi phdi
murc d6 thodi mai clia hanh khach cling nhu anh huéng dén 6n dinh
dong luc clia hé doan tau-cau.

Déng chu y, gia tri gia téc 3,70 m/s*> da vugt ngudng khuyén
nghi 3,5 m/s® déi véi gia téc thing diing cla ciu dudng st theo
EN 1991-2. Viéc vugt ngudng nay cho thay két cau bat dau tién vao
vung nhay cdm vé mat dong luc hoc, ndi cac hiéu tng khuéch dai
dong cé thé trd nén dang ké va anh hudng bat Igi dén diéu kién
khai thac.

T g6c d6 co hog, su gia tang manh cua gia téc la dau hiéu cho
thay kha nang tiém can gilia tan sé kich thich cda tai trong di dong
va mot hodc mot s6 tan sé riéng cta két cdu (resonance proximity).
Mac du chua xuat hién cdng hudng toan phan, su tiém can nay co
thé gay ra khuéch dai cuc b clia dap (ing gia to¢, dac biét trong cac
hé c6 hé s6 can thap nhu cau bé tdng du ting luc hodc két cau nhip
I6n. Do d6, gia téc c6 xu hudng ting nhanh han so véi chuyén vi khi
van téc doan tau tang.

Do d6, két qua nay cho thay su can thiét phai xem xét téi uu
héa thiét ké két cau trong trudng hop van téc khai thac cao (V =
350 km/h). Cac gidi phap c6 thé bao gém diéu chinh tan sé riéng
clia két cdu dé tranh vung kich thich nguy hiém, ting cudng hé sé
can théng qua cac thiét bi gidam chan hodc cai thién d6 ciing téng
thé nhdm han ché hiéu tng khuéch dai dong. Nhiing bién phap nay
ddng vai trd quan trong trong viéc dam bao cau dap tng day da cac
yéu cau vé an toan, do bén va sy thodi mai theo cac tiéu chuan thiét
ké hién hanh.

Viéc ing dung mo-dun RM Bridge “Fast Rolling Stock” trong
phan tich dong luc hoc cau DSTDC cho thdy hiéu qua ro rét trong
viéc mé phéng tuong tac doan tau-két cau. K&t qua thu dugc chira
rang mo hinh két ciu c6 doé cling téng thé cao, thé hién qua gia tri
chuyén vi nhé va kha ndng chiu tai t6t, nhd st dung bé tdng cudng
do (f'_45MPa) két hop véi hé théng cap du ting luc. G ca hai trudng
hgp van t8c V = 250 km/h va V = 350 km/h, céc biéu dé dap ung
(chuyén vi, van téc va gia t6c) déu thé hién dang dao dong diéu
hoa 6n dinh, véi bién dé phan bé déu theo thai gian va khéng xuat
hién xu hudng tang dan hodc dot bién. Biéu nay cho thay hé két cau
lam viéc trong mién 8n dinh dong luc va khong xay ra hién tugng
céng hudng, phu hgp véi cac yéu cau thiét ké trong EN 1990 va EN
1991-2.

Qua cac két qua phan tich s dung mé-dun “Fast Rolling Stock”
cho thay uu thé dang ké vé hiéu qua tinh toan va tinh thuc tién trong
céc bai toan phan tich cau DSTDC. Nh& dugc phat trién chuyén biét
cho bai toan tuang tac tau-cau, moé-dun nay tich hgp san cac mo
hinh tai trong di dong va dac trung déng luc hoc clia doan tau, cho
phép rut ngén dang ké thai gian thiét 1ap va x{ ly bai toan. So vdi
cac phan mém phan tich téng quét nhu Abaqus hodc SAP2000, v6n
yéu cau xay dung mé hinh phan ti hiru han phc tap va thiét lap
tuong tac phi tuyén chi tiét, thdi gian tinh toan c6 thé giam déng
ké, dong thai han ché phu thudc vao kinh nghiém chuyén sau cta
ngudi sir dung. Diéu nay mang lai Igi thé kinh té r6 rét trong cac duy
an yéu cau phan tich nhanh nhung van dam bao dé tin cay cao.

Do tin cdy ctia moé hinh dugc ciing ¢ thong qua su phu hgp
VGi cac xu hudng dap tng déng luc hoc da dugc céng bé trong tai
lieu khoa hoc. Cu thé, két qua mé phdng cho thay su tuong déng véi
nghién cttu clia H. Xia and N. Zhang (2005) [5], trong d6 sai léch gilta
mo hinh s6 va thuc nghiém thudng nhd hon 5% d6i véi két cdu dam
hép nhip gian don. Biéu nay cho thay mo-dun “Fast Rolling Stock”
¢6 kha nang tai hién chinh xéac cac dac trung dao déng clia cau dudi

tac dung cla tai trong doan tau véi cac van téc khac nhau.

Tuy nhién, trong b&i cadnh van t6c khai thac cao (dac biét gV =
350 km/h), cac két qua phan tich cling cho thdy xu huéng gia tang
déang ké chia cac dai lugng dong luc hoc, dic biét la gia téc. Do do6,
viéc t6i uu hoa thiét ké két ciu 1a can thiét nham kiém soat hiéu tng
khuéch dai dong va dam bao cac tiéu chi vé dd bén cing nhu su
thoai mai cGa hanh khach. Cac giai phap ky thuat c6 thé dugc xem
xét bao gom:

- Tang chiéu cao dam (vi du t&r 3,0 m 1én khoang 3,5 - 4,0 m)
nham nang cao dd cling uén va giam bién d6 dao déng;

-Tang s6 lugng bo cap du tiing luc (tor 10 1én 12 bé) dé cai thién
kha nang chiu luc va kiém soat bién dang;

- BS sung cac thiét bi gidm chan nhu Tuned Mass Damper
(TMD) nham tiéu tan nang lugng dao dong va han ché gia téc dinh.

Két qua nghién ctiu khong chi khdng dinh tinh hiéu qua cda
cédng cu md phong chuyén dung ma con cung cap cd sé khoa hoc
cho viéc lya chon va t6i uu héa giai phép thiét ké cau BSTPC trong
diéu kién van téc khai thac ngay cang 16n.

3. KET LUAN

Nghién cttu tng dung mo-dun “Fast Rolling Stock” cia phan
mém RM Bridge cho thay khd nang tinh toan déng luc hoc cau
DSTDC thuan tién, chinh xac va do tin cay cao.

Cac két qua phan tich cho thdy cau dang dam hép nhip 30 m
dap ung tot cac tiéu chudn thiét k&, véi chuyén vi, van téc va gia t6c
déu nam trong gidi han an toan.

Véi van téc 350 km/h, gia toc cuc dai clia cau tiém can gidi han
cho phép, diéu nay nhan manh su can thiét phai t8i uu hoa thiét ké dé
dam béo cho hanh khac c6 cdm giac thodi mai va tudi tho cong trinh.

Két cau sir dung bé tong c6 cudng do6 chiu nén dac trung ' =
45 MPa va cap du Ung luc mang lai d6 clng cao, khd nang chéng
chiu t6t trudc tai trong dong luc hoc clia doan tau.

Nghién ctu nay la tién dé cho viéc 4p dung mé-dun “Fast Roll-
ing Stock” dé thiét ké t8i uu trong du an BDSTDC Bac - Nam, nhdm
dam bao tinh kinh té va ky thuat trong thuc tién.
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Xu huéng xay dung thanh phé théng minh bén
vung: Tiép can tich hgp kinh té - méi truong -
xa hei va danh gia vong dai (LCA)

Emerging trends in smart sustainable City development: Integrating Economic,
Environmental, and Social Dimensions with Life Cycle Assessment (LCA)
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TOM TAT

Trong bdi canh da th hoa nhanh va cac thach thirc gia tang vé mai trudng, kinh t& va xd hai, ma inh thanh phd théng minh duge xem |3 mat
huréng tiép can quan trong nhim nang cao hiéu qua quén ly da thi. Tuy nhién, cac cach tiép can truyén thang con thién vé cong nghé va chua
gén ket chat ché vai muc tigu phat trién bén viing. Nghién ciu nay nhdm lam ré xu huéng phét trién thanh phd thang minh theo hréng bén
vitng, phéan tich mdi quan hé giira ba try cot kinh t& - mai trudng - x& hdi, dong thai dé xut khung tigp cén tich hop trong phat trién da thi.
Phuong phap nghién citu dugce thyc hign théng qua tdng quan tai ligu, phén tich - tdng hop va xay dung khung Iy thuygt. Ket qua cho thay xu
huang chuyén dich tir ma hinh thanh phé thang minh dinh hrdng céng nghé sang thanh phd thang minh bén virng, trong da cong nghé dang
vai trd cing cu hé trg nhdm dat duge cac myc tiéu phat trién toan dign. Nghién ciu dng thai nhan manh vai tro cia céc cang cu danh gia
ving dai, bao gam LCA, LCC va Social LCA. trong viéc danh gia toan dién céc tac dong cla céc giai phap thanh phd théng minh. Trén co sa
da, bai bao dé xuat khung tiép can tich hop két hop gitta cang nghé. muc tiéu phét trién bén viing va céc cang cu danh gia vang di, nham ha
tro ra quyét dinh trong quy hoach va phat trién da thi. Ket qué nghién ciu gop phan hoan thign co s Iy luén va cung cép dinh huang thyc
tién cho phat trién thanh phd thang minh bén viing.

Tir khoa: Thanh phd thang minh bén ving; phat trién bén viing; danh gia vang dai; quy hoach da thi.

ABSTRACT

In the context of rapid urbanization and increasing environmental, economic, and social challenges, the smart city model has emerged as
a key approach to enhancing urban management efficiency. However, conventional approaches remain largely technology-driven and are
not sufficiently aligned with sustainable development objectives. This study aims to clarify the development trend toward smart sustainable
cities, analyze the interrelationships among the economic, environmental, and social pillars, and propose an integrated framework for
urban development. The research methodology is based on a literature review, analytical synthesis. and conceptual framework
development. The results indicate a transition from technology-driven smart city models toward smart sustainable cities, in which
technology serves as an enabling tool to achieve comprehensive development goals. The study also highlights the role of life cycle-based
assessment tools, including Life Cycle Assessment (LCA), Life Cycle Costing (LCC), and Social Life Cycle Assessment (Social LCA), in
comprehensively evaluating the impacts of smart urban solutions. Based on these findings, the paper proposes an integrated framewaork
that combines technological systems, sustainability objectives, and life cycle assessment tools to support decision-making in urban planning
and development. The study contributes to both theoretical advancement and practical guidance for the development of smart sustainable
cities.

Keywords: Smart sustainable city; sustainable development; life cycle assessment; urban planning.
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1. DAT VAN BE

Trong nhing thap ky gan day, qua trinh dé thi hoa dién ra
nhanh chéng, dac biét tai cdc quéc gia dang phat trién, da tao ra ap
Iyc I16n 1én hé théng ha tang ky thuat va dich vu dé thi nhu giao
thong, nang lugng, cap thoat nudc va quan ly chat thai. Pong thdi,
cac thach thic méi trudng, bao gébm bién déi khi hau, 6 nhiém
khéng khi va suy gidm tai nguyén, ngay cang gia tang, dat ra yéu
cau cip thiét vé mdt mo hinh phat trién d6 thi hiéu qua va bén ving.

Trong béi canh d6, mé hinh thanh phé théng minh dugc xem la
mot hudng ti€p can quan trong nham nang cao hiéu qua quan ly do
thi théng qua Ung dung céng nghé théng tin va truyén théng (ICT),
Internet van vat (IoT) va d liéu I6n. Cac hé théng théng minh cho
phép thu thap va phan tich di liéu theo thsi gian thuc, gop phan
t6i uu hoa van hanh va nang cao chat luong dich vu dé thi. Tuy
nhién, cac cach tiép can ban dau chi yéu mang tinh dinh hudng
cdng nghé, tap trung vao trién khai cac giai phap ky thuat ma chua
xem xét day du cac tac déng dai han dén moi trudng va xa hoi, dan
dén nguy co gia tang tiéu thu ndng lugng, phat sinh chat thai dién
tlr va bat binh déng trong ti€p can cong nghé.

Trudc nhiing han ché dé, xu huéng nghién ctu hién nay da
chuyén dich tir cach tiép can xay dung thanh phé théng minh tu
hudng ti€ép can cong nghé sang huéng ti€p can bén ving, trong do6
cédng nghé dugc xem la cdng cu hé trg nham dat dugc cac muc tiéu
phat trién bén vitng. Theo dinh nghia ctia Uy ban chau Au, khai niém
d6 thi théng minh dugc hiéu la noi cac mang ludi va dich vu truyén
théng dugc thuc hién hiéu qua han véi viéc st dung cac cong nghé
ky thuat s6 va vién thong vi lgi ich clia cu dan va doanh nghiép; theo
lién minh vién théng thé gidi (ITU- International Telecomunications
Union) dinh nghia: “Thanh phé théng minh bén viing la d6 thi sang
tao st dung cong nghé théng tin va truyén thong (CNTT-TT) va cac
phuong tién khéc dé€ cai thién chat lugng cudc séng, hiéu qua cla
hoat déng va dich vu d6 thi va kha nang canh tranh, dong thoi dam
bdo dap ting nhu cau cuta hién tai va cac thé hé tuong lai lién quan
dén cac khia canh kinh té, xa hoi, moi trudng cling nhu van hoa” va
theo Vién tiéu chudn Anh, thanh phé théng minh 1a su tich hgp hiéu
qua st dung céng nghé théng tin va truyén théng (CNTT-TT) va cac
phucng tién khac dé cai thién chat luong cudc séng nham huéng
téi mét tuong lai bén vimng [1]. Cac nghién ctu ban dau tap trung
vao vai trd ca ICT va loT trong t6i uu hda van hanh dé thi [3], [9],
trong khi cac nghién ctiu sau dé nhan manh rang thanh phé thong
minh la mot hé sinh thai phuic hgp, trong dé con ngudi va quan tri
ddng vai tro trung tam [6,2]. Bong thdi, cac nghién clu gan day
cing m& rong theo hudng tich hop cac tru cét kinh té, moi trudng
va xa hoi, gan vaéi cac giadi phap nhu lugi dién théng minh, quan ly
nang lugng va gidm sat moi trudng thai gian thuc [8], [5], cling nhu
cac yéu t6 xa hdi nhu chat lugng s6ng va kha néng tiép can dich vu
[10,4] va d@m bdo an toan thong tin [7].

Mac du da cé nhiéu nghién ctu dé cap dén thanh phé thong
minh va phat trién bén viing, van ton tai mét khodng tréng nghién
clu dang ké. Cu thé, cac nghién ctu hién nay chi yéu tiép can riéng
ré gilfa cac yéu t6 cong nghé va cac muc tiéu phat trién bén viing,
hodc chi tap trung vao mét khia canh riéng I (kinh t& méi trudng
hodc xa hoi), trong khi thi€u mét khung ti€p can tich hgp c6 kha
nang danh gid déng thai cac tac dong trén toan bé vong doi clia cac
gidi phap do thi. Bdc biét, viéc tich hgp cac cong cu danh gia vong
ddi nhu Life Cycle Assessment (LCA), Life Cycle Costing (LCC) va
Social Life Cycle Assessment (Social LCA) trong quy hoach va phat
trién thanh phé théng minh van con han ché, dan dén viéc cac
quyét dinh dau tu va lua chon cdng nghé chua phan anh day du cac
chi phi va tdc déng dai han.

Nghién ctru nay déng gop vao linh vuc thanh phé thong minh
bén ving & ba khia canh chinh. Thi nhat, nghién cttu hé théng hoa
xu hudéng chuyén dich t&r mé hinh thanh phé théng minh dinh
huéng cong nghé sang cach tiép can tich hgp dua trén phat trién
bén vimng. Thi hai, nghién ctu lam rd méi quan hé tuong téac gitia
ba tru cot kinh té, moi trudng va xa hoi trong béi canh ing dung
cdng nghé db6 thi. Thit ba, nghién ctiu dé xuat mot khung tiép can
tich hgp két hgp cac thanh phan cong nghé véi bd cong cu danh
gia vong ddi (LCA, LCC va Social LCA), gop phan hé trg ra quyét dinh
dua trén cach ti€p can vong doi.

Véi cac dong gop trén, nghién ctu khéng chi bé sung co sé ly
luan cho linh vuc thanh ph6 thdng minh bén viing ma con cung cap
mot cach tiép can cé kha nang ling dung trong thuc tién, dac biét
trong béi canh céc dé thi dang d6i mat véi ap luc phat trién nhanh
va yéu cau chuyén déi theo huéng bén vimng.

2. D61 TUONG VA PHUONG PHAP NGHIEN CUU

2.1. Cach ti€p can nghién ciu

Nghién ctu nay dp dung cach ti€p can lién nganh, két hgp giira
linh vyc quy hoach d6 thi, khoa hoc méi trudng va cong nghé thong
tin nhdm phan tich xu hudng phét trién thanh phé thong minh bén
viing. Trong tadm cuta nghién ctu la lam rd méi quan hé gitia ba tru
c6t clia phat trién bén viing (kinh t&, méi trudng va xa hoi) trong béi
canh ting dung cong nghé théng minh, déng thai tich hgp phuong
phdp danh gid vong dai (Life Cycle Assessment - LCA) nhumét cong
cu hé trg ra quyét dinh.

Phuong phdp nghién ctu chd dao la nghién ctu dinh tinh,
théng qua téng hgp va phan tich tai liéu khoa hoc, két hop véi cach
ti€p can khung ti€p can nham dé xuat mot moé hinh tich hop gidra
thanh phd théng minh va phat trién bén viing.

2.2. Phuong phap nghién ctu

Nghién ctiu nay sir dung phuong phép téng quan tai liéu c6 hé
théng két hop véi phan tich va téng hgp nhdm xay dung khung tiép
can tich hop cho phat trién thanh phé théng minh bén viing. Cach
tiép can nay cho phép nhan dién cac xu hudng nghién ctu chinh,
lam ré khodng tréng nghién ctiu va dé xuat mét mo hinh ly thuyét
c6 ca sé khoa hoc.

Quad trinh sang loc tai liéu dugc thuc hién theo céc tiéu chi lya
chon cu thé nham dam bao tinh phu hop va chit luong khoa hoc
cla cac nghién ctiu dugc dua vao phan tich. Cu thé, cac tai liéu dugc
Iua chon cht yéu la cac bai bao khoa hoc céng bé trong giai doan
tr ndm 2010 dén nam 2024, phan anh cac xu hudng nghién ctu
hién dai vé thanh phd théng minh va phat trién bén ving. Céc
nghién cttu dugc uu tién bao goém cac céng trinh ¢ lién quan truc
tiép dén viéc tich hgp cdng nghé d6 thi véi cac muc tiéu phat trién
bén viing hodc c6 dp dung cac cdng cu danh gia vong dai.

Sau khi sang loc, cac tai liéu dugc phan tich va phan loai theo
cac nhom ndi dung chinh, bao gém: (i) cac nghién ctiu vé khai niém
va mo6 hinh thanh phé théng minh; (i) cac nghién ctu vé tich hop
cac tru cot kinh té€, méi trudng va xa hoi trong phat trién db thi; va
(iii) cac nghién ctu vé iing dung cac cdng cu danh gia vong ddi nhu
LCA, LCC va Social LCA. Trén cd s& d6, nghién ctu ti€n hanh téng
hgp va so séanh cac cach ti€p can khac nhau nham lam ré xu hudng
phat trién va xac dinh khoang tréng nghién cuu.

Dua trén két qua téng quan tai liéu, phuong phéap phan tich
téng hop dugc st dung dé xay dung khung tiép can tich hgp. Khung
nay dugc phat trién dua trén viéc két néi ba thanh phan chinh, bao
gém cac céng nghé dé thi (ICT, loT va hé théng dit liéu), cac muc
tiéu phat trién bén viing (kinh té mai trudng va xa hoi) va bé céng
cu danh gia vong doi (LCA, LCC va Social LCA). Bong thai, nghién
clru cling ap dung phuong phap phan tich trugng hgp minh hoa doi
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vdi hé théng giao théng thong minh nhdm kiém ching tinh kha thi
va kha nang tng dung ctia khung dé xuat.

Théng qua viéc két hgp gilia tdng quan tai liéu c6 hé théng,
phan tich téng hgp va minh hoa thuc tién, phuong phap nghién ctu
nay dam bao tinh logic, nhat quan va dé tin cay cta két qua nghién
cliu, déng thoi cung cap co s khoa hoc cho viéc dé xuat cac giai
phép phat trién thanh phé thong minh theo hudng bén viing.

3. KET QUA NGHIEN CUU

3.1. Xu huéng chuyén dich sang thanh phé théng minh bén
viing

K&t qua téng quan tai liéu cho thdy mét xu hudng ré rét trong
c& nghién ctiu va thuc tién 1a su chuyén dich tr mé hinh “thanh phé
thong minh dua trén cong nghé” sang “thanh phé thong minh bén
viing”. Trong giai doan dau, cac sang kién thanh phé théng minh
chu yéu tap trung vao viéc ing dung cong nghé thong tin va truyén
thong (ICT), Internet van vat (IoT) va di liéu 1én nham t6i uu hoa van
hanh d6 thi. Tuy nhién, cach ti€p can nay boc 16 mét sé han ché khi
chua xem xét day du cac tac dong dai han déi véi méi trudng va xa
hoi.

Cac nghién ctu gan day nhan manh rang céng nghé chi dong
vai tro la céng cu hé trg, trong khi muc tiéu cét 16i ctia thanh phé
théng minh |a hudng téi phat trién bén viing, bao gém gidm phat
thai khi nha kinh, s&r dung hiéu qua tai nguyén, nang cao chat lugng
séng va dam bdo céng bang xa hdi. Biéu nay phan anh su chuyén
dich trong tu duy phat trién dé thi, tir t8i uu hoéa ky thuat sang téi
uu héa gia tri téng thé.

Nhin chung, két qué phan tich cho thdy xu hudng phat trién
thanh phé théng minh dang dich chuyén tir ti€p can thuan céng
nghé sang ti€p can tich hop hudng téi phat trién bén viing.

3.2. M&i quan hé giira kinh té - méi trudng - xa héi trong
thanh phé théng minh

Danh gid thanh phé théng minh bén viing duya trén chi sé KPIs,
vGi 3 linh vuc trong tam chinh: kinh té - méi trudng - xa héi va van
héa. Ba tru cot kinh t€, méi trudng va xa hoi cé6 méi quan hé chat
ché, tuong tac da chiéu trong qua trinh phat trién thanh phé thong
minh (Hinh 1)

T G duc
Sinc khoe
An

Viin him

Hinh 1. Céc tru 6t kinh t€ - méi trudng - xa hi trong phat trién thanh phd thong
minh bén viing

V& khia canh kinh t&, viéc trién khai cac gidi phap théng minh
nhu giao thong théng minh, nang lugng thong minh va quan ly do6
thi s6 c6 thé nang cao hiéu qua st dung nguén luc, gidm chi phi van
hanh va tao ra cac ca héi kinh t&€ mdi, dc biét trong cac linh vuc déi
mGi sang tao va kinh té€ s6. Dong thdi, cac thanh phé théng minh co
xu hudng thu hat nguén nhan luc chat lugng cao va dau tu qudc té.

Vé khia canh méi trudng, cac cong nghé théng minh gép phan
quan trong trong viéc giam phat thai CO,, t&i wu hoa tiéu thu néng
lugng va nang cao hiéu qua quan ly tai nguyén. Vi dy, hé thong luéi
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dién thong minh cho phép can bang cung - cau nang lugng, trong
khi cac hé théng giam sat moéi trudng hé trg phat hién va kiém soat
6 nhiém.

Vé khia canh xa hoi, thanh phé théng minh tao diéu kién cai
thién chat lugng séng thong qua cac dich vu cong thong minh nhu
y té dién tu, gido duc truc tuyén va quan tri dé thi minh bach. Tuy
nhién, két qua nghién ctdu ciing chira rdng néu khéng dugc thiét ké
phu hagp, cac gidi phap cdng nghé c6 thé lam gia tdng bat binh dang
xa hoi, dac biét lién quan dén kha nang ti€ép can céng nghé va dir
liéu.

DPang chu y, phan tich tuong tac cho thdy tén tai dong thai ca
tinh bé trg va tinh danh déi gitta ba tru cot. Chdng han, viéc dau tu
vao céng nghé xanh cé thé mang lai loi ich méi trudng lau dai
nhung doi héi chi phi dau tu ban dau cao. Nguac lai, viéc téi uu hoa
kinh t&€ ngan han c6 thé dan dén suy gidm chat lughg méi trudng
néu khdng cé céc ca ché kiém soét phu hgp. Diéu nay cho thdy viéc
t6i uu hoéa mét tru cot don 1& c6 thé dan dén céac tac dong tiéu cuc
dai vai cac tru cot con lai va cho thay su can thiét ciia mét cach tiép
can tich hgp nhdm trdnh xung dét giira cac muc tiéu phat trién. Do
d06, cach ti€p can tich hop va can bang la yéu cau then chét trong
phét trién thanh phé théng minh bén viing.

3.3. Vai tré ciia danh gia vong ddi trong xay dung thanh phé
thong minh

K&t qua nghién ctu cho thdy viéc tich hgp danh gia vong doi
(Life Cycle Assessment - LCA) la mdt yéu cau quan trong nham bao
dam tinh bén viilng moéi trudng cla céc gidi phap trong phat trién
thanh phé thong minh. Khac véi cac phuong phap danh gia truyén
thong thudng tap trung vao giai doan van hanh, LCA cho phép xem
xét toan dién cac tac ddng moi trudng trong sudt vong doi clia hé
théng, bao gdbm cac giai doan: khai thac nguyén liéu, san xuat, xay
dung, van hanh va két thuc vong dai.

3.3.1. Quy trinh ddnh gid vong dai (LCA)

Quy trinh LCA trong nghién ctiu nay dugc xem xét theo cac
buéc tiéu chudn sau:

(i) Xac dinh muc tiéu va pham vi
Budc nay nham xac dinh rdé muc tiéu nghién ctu, d6i tugng danh
gia va pham vi hé théng. Cac ndi dung chinh bao gém: xac dinh
don vi chiic nang, thiét 1ap ranh gidi hé théng va lua chon céc chi
tiéu moi trudng can danh gia. Viéc xac dinh chinh xac muc tiéu va
pham vi la ca s& d€ dam bao tinh nhat quan va do tin cay cla két
qua phan tich.

(ii) Ki€ém ké vong dai (Life Cycle Inventory - LCI)

Day la budc thu thap va lugng héa cac dong dau vao va dau ra clia
hé théng trong toan bo vong ddi, bao gom nguyén vat liéu, nang
lugng tiéu thu va cac dang phat thai ra méi trudng. Trong béi canh
thanh phé théng minh, di liéu LCI lién quan dén ha tang ky thuat,
thiét bi cdng nghé (ICT, loT) va hoat déng van hanh dé thi. Viéc thu
thap di liéu day du va chinh xac 1a thach thic 16n, dac biét déi voi
cac hé théng c6 quy mé I6n va tinh phtc tap cao.

(iii) Panh gia tdc déng vong dai (Life Cycle Impact Assessment -
LCIA)

G budc nay, cac dir liéu kiém ké dugc chuyén déi thanh cac chi s6
tadc ddng moi truong thong qua cac phuong phép danh gid phu
hgp. Cac nhém tac dong thudng dugc xem xét bao gém: bién ddi
khi hau (phat thai CO, twong dwong), suy gidm tai nguyén, axit
héa, phtl dwdng va ddc tinh méi tridng. Két qua LCIA gilip xac
dinh cac diém phat sinh tac dong 16n trong vong ddi, tir d6 hé trg
dé xuat cac gidi phap giam thiéu.

(iv) Dién giai két qua
Budc dién gidi nham téng hgp, phan tich va danh gia két qua LCA
dé& dua ra cac két luan va khuyé&n nghi. Trong phét trién thanh phé
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théng minh, két qua LCA dugc st dung dé so sanh cac phuang én
céng nghé, hé trg lya chon giai phap téi uu va nang cao hiéu qua
qudn ly moi trudng do thi.

3.3.2. Bdnh gid chi phi véng ddi Life Cycle Costing (LCC)

Bén canh LCA, danh gié chi phi vong dai (LCC) la cong cu quan
trong dé€ phan tich hiéu qua kinh t€ dai han cta cac gidi phap thanh
phé thong minh. Phuong phap nay xem xét toan bo chi phi phat
sinh trong suét vong ddi ctia hé théng, bao gém chi phi dau tu ban
dau, chi phi van hanh - bao tri, chi phi thay thé va chi phi xt ly cu6i
vong ddi.

Két qua phan tich cho thay nhiéu giai phap cong nghé thong
minh cé chi phi dau tu ban dau cao, nhung mang lai lgi ich kinh té
dang ké trong dai han théng qua viéc tiét kiém nang lugng, gidm
chi phi van hanh va nang cao hiéu qua s dung tai nguyén. Do do6,
LCC gbp phan khéc phuc han ché cla cach tiép can truyén thong
chi tap trung vao chi phi ban dau, dong thoi hé trg ra quyét dinh
theo hudéng t8i uu héa chi phi téng thé trong suét vong dai du an.

3.3.3. Bdnh gid vong doi xa héi (Social LCA)

Danh gia vong dai xa hoi (Social LCA) 1a cdng cu nham phan tich
cac tac dong xa hoi cta cac giadi phap thanh phé théng minh. Noi
dung déanh gia bao gém cac khia canh nhu: tao viéc lam, diéu kién
lao ddng, stic khde cong dong, muc do ti€p can dich vu va cong
béng xa hoi.

Trong bdi canh ting dung cong nghé s, Social LCA con xem xét
cac van dé lién quan dén quyén riéng tu, bdo mat di liéu va kha
nang ti€p can céng nghé cda cac nhdm dan cu khac nhau. Két qua
phan tich cho thay, néu khong dugc quan ly phu hop, cac giai phap
théng minh c6 thé lam gia tang bat binh dang xa hoi, d3c biét doi
vGi cac nhom yéu thé ¢ han ché vé kha nang ti€p can cong nghé.

Do dé, viéc ap dung Social LCA gop phan bao dam rang céc giai
phap thanh phd théng minh khéng chi hiéu qua vé mat ky thuat ma
con hudng téi tinh bao trum va cdng bang xa hoi.

3.3.4. Tich hgp LCA - LCC - Social LCA trong phdt trién thanh phé
théng minh

Viéc tich hgp cac cong cu LCA, LCC va Social LCA cho phép danh
gia toan dién cac gidi phap thanh phé théng minh trén ca ba
phuong dién: méi trudng, kinh té va xa hoi. Cach tiép can nay giup
tranh cac quyét dinh phién dién, dong thai hé trg lua chon cac
phucng an t8i uu theo hudng phét trién bén viing. Khi trién khai
phat trién thanh phé théng minh bén viing, thiét ké vong doi du an
can quan tam dén cac hoat dong tai ché, tai tao, hiéu qua, an toan
va xa hoi.

LCA khong chi la céng cu danh gia ma con la co sé& khoa hoc
quan trong dé dinh hudng lua chon giai phap trong phat trién thanh
ph6 théng minh bén ving.

Tuy nhién, viéc trién khai tich hgp con gdp nhiéu khé khan nhu
thi€u d liéu, han ché vé phuang phap luan va khé khan trong viéc
lugng héa cac tac dong xa hoi. Do d6, can tiép tuc hoan thién cac
cong cu danh gid va xay dung co s& di liéu phuc vu cho qua trinh
phan tich, nham nang cao hiéu qua tiing dung trong thuc tién phat
trién thanh phé théng minh bén viing. Diéu nay khdng dinh LCA 1a
céng cu nén tang trong viéc dinh hudng cac giadi phap thanh phé
théng minh theo huéng bén viing.

3.4. Minh hoa ap dung khung ti€p can tich hgp: Truéng hop
hé théng giao théng théng minh

Pé lam r6 tinh kha thi va gia tri tng dung clia khung tiép can
tich hgp dugc dé xuat, nghién cru tién hanh phan tich minh hoa doi
vGi hé théng giao thédng théng minh, mét trong nhing linh vuc c6t
16i ctia thanh phd thdng minh véi mic d6 ing dung cong nghé cao
va ¢d tac dong truc ti€p dén ca ba tru cét kinh té, méi trudng va xa
hoi. Hé théng nay bao gém céc thanh phan chinh nhu diéu khién

giao théng thich tng, cdm bién va camera gidm sat, nén tang dit liéu
giao théng thai gian thuc va cac ing dung hd trg ngudi dung, cho
phép thu thap, phan tich va téi uu hda ludng giao théng dé thi.
Pham vi phan tich dugc thiét 1ap theo cach ti€p can vong ddi, bao
gém cac giai doan tUr san xudat va I3p dat thiét bi, van hanh va bao
tri, dén két thic vong ddi thong qua tai ché hoac thai bo.

K&t qua phan tich cho thay hé théng giao théng thong minh
mang lai nhing Igi ich dang ké trén ca ba phuong dién cla phat
trién bén vimng. V& khia canh kinh t&, viéc t6i uu hoa tin hiéu giao
théong va quan ly luu lugng phuong tién gitip gidm thgoi gian di
chuyén, tiét kiém nhién liéu va gidm chi phi do un tic, qua d6 nang
cao hiéu qua van hanh va thuc ddy hoat dong kinh t€ do thi. Vé khia
canh méi trudng, hé théng gép phan gidm phat thai khi nha kinh va
céi thién chat luong khong khi théng qua viéc giam tiéu thu nhién
liéu va han ché tinh trang Un tac kéo dai; tuy nhién, cac tac dong moi
trudng phat sinh tir qua trinh sadn xuat thiét bj va tiéu thu nang
lugng trong van hanh cling can dugc xem xét mét cach day du
trong toan bé vong dai. V& khia canh xa hoi, hé théng gitp nang
cao an toan giao théng, gidm tai nan va cai thién chat lugng dich vu
dé thi, dong thai dat ra cac thach thic lién quan dén quyén riéng tu
dir liéu va su chénh léch trong kha nang ti€p can céng nghé gitia
cac nhém dan cu.

Trén co sé do, viéc ap dung bé céng cu danh gia vong doi bao
gém Life Cycle Assessment (LCA), Life Cycle Costing (LCC) va Social
Life Cycle Assessment (Social LCA) cho phép phan tich toan dién cac
tdc dong cla hé théng. Két qua LCA chi ra rdng phan I6n tac déng
moi trudng tap trung & giai doan san xudt thiét bi va tiéu thu nang
lugng trong qua trinh van hanh, trong khi cac lgi ich méi truéng dat
dugc trong giai doan st dung c6 thé bu dép dang ké cac tac dong
ban dau néu xét trong dai han. Phan tich LCC cho thdy mac du chi
phi dau tu ban dau tuong déi cao, téng chi phi vong ddi co xu huéng
gidm nha tiét kiém chi phi van hanh va giam thiét hai do un tac giao
théng, qua do6 khang dinh hiéu qua kinh t€ cla giai phap trong dai
han. Déng thdi, phan tich Social LCA cho thady hé théng mang lai
nhiéu lgi ich xa hoi nhu cai thién an toan va chat lugng séng, song
cing nhan manh sy can thiét clia cac ca ché quan ly nham dam bao
céng bang trong tiép can cdng nghé va bao vé dir liéu ca nhan.

Viéc tich hgp cac két qua tir LCA, LCC va Social LCA cho phép
nhan dién rd cdc méi quan hé tuong tac gilia cac tru cot phat trién
bén viing, trong d6 ton tai ddng thai cac yéu t6 bé trg va danh déi.
Chéng han, Igi ich méi trudng va xa héi dat dugc théng qua giam
phat thai va nang cao an toan giao théng cé thé di kém vai chi phi
dau tu ban dau cao, trong khi viec mé réng hé théng cong nghé co6
thé lam gia ting rdi ro lién quan dén bado mat d liéu. Do dé, cach
ti€p cén tich hgp déng vai trd quan trong trong viéc hé trg so sanh
cac phuong an cong nghé va lua chon giai phép t6i uu dua trén tiéu
chi da muc tiéu, thay vi chi tap trung vao mét khia canh riéng lé.

K&t qua minh hoa nay cho thay khung tiép can tich hgp dugc dé
xudt c6 kha nang két ndi hiéu qua gitta cac thanh phan céng nghé,
cac muc tiéu phat trién bén viing va cac céng cu danh gia vong doi,
qua d6 hé trg qua trinh ra quyét dinh trong quy hoach va phat trién
dé thitheo huéng bén vimng. Biéu nay khdng dinh rang viéc tich hgp
LCA, LCC va Social LCA khéng chi nang cao tinh toan dién trong
danh gia ma con gép phan tang cudng co sé khoa hoc va tinh minh
bach trong lua chon va trién khai céc gidi phép thanh phd théng
minh.

3.5. Panh gia thuc tién va khoang tréng trién khai

Cac hang muc quan tam chinh ctia thanh ph6 théng minh bén
viing bao gém: Cong nghé théng tin, tri tug, théng tin; Co sé ha tang
va dich vy; Méi trudng va bén viing; Con ngudi, dan sinh va xa hoi;
Hanh chinh, quan ly va quan tri; Chat luong cudc s6ng; Kinh té va tai
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chinh; Giao théng. Phan tich cac trudng hop dién hinh trén thé giéi
cho thdy nhiéu thanh phé da dat dugc nhiing thanh tuu dang ké
trong moét s6 linh vuc nhu giao théng théng minh, nang lugng tai
tao va quan ly d6 thi. Tuy nhién, két qua nghién cttu cliing chirardang

chua c6 thanh phé nao dat dugc su “thong minh toan dién” trén tat
ca cac hang muc [11].

Cor' il hag LEing vl

Hinh 2. Céc hang muc quan tam chinh clia thanh phd thong minh bén viing (Lién minh
vién thdng thé gidi ITU)

Mét trong nhiing nguyén nhan chinh 1a sy thiéu tich hgp gitia
céc linh vuc va gilta cac muc tiéu phat trién. Nhiéu du én van dugc
trién khai theo céch ti€p can phan manh, tap trung vao tiing linh
vuc riéng |é ma chua cé su lién két téng thé. Ngoai ra, viéc ap dung
LCA trong quy hoach va quan ly dé thj van con han ché, cht yéu do
thi€u dit liéu, nang luc ky thuat va khung chinh sach hé tro.

Céac théach thuc khac bao gom chi phi dau tu cao, rii ro cédng
nghé, van dé bao mat di liéu va su thiéu hut co ché hop tac hiéu
qua gitia khu vuc cong va tu. Diéu nay cho thdy viéc phat trién thanh
phé théng minh bén viing khéng chi la van dé céng nghé, ma con
1a van dé thé ché va quan tri.

3.6. Dé xuat khung tiép can tich hop

Trén co s& cac két qua phan tich, nghién ctu dé xuat mot khung
ti€p can tich hgp nhdm dinh hudng phat trién thanh phé théng
minh theo hudng bén viing, trong d6 nhan manh su két hop chat
ché gilta c6ng nghé, muc tiéu phat trién bén viing va cac céng cu
danh gia vong dai (Hinh 3). Khung tiép can nay gép phan khac phuc
nhiing han ché ctia cdc mé hinh phat trién thanh phé théng minh
truyén théng, vén chi yéu tap trung vao yéu té cong nghé ma chua
xem xét day du cac tac déng méi trudng va xa hoi trong dai han.

3.6.1. Nguyén tdc xdy dung khung tiép can

Khung ti€p can dugc xay dung dua trén mét s6 nguyén tac co
ban. Trudc hét, phat trién bén vimg dugc xac dinh la muc tiéu trung
tam, trong do cac giadi phap thanh phé théng minh can huéng téi
su can bang gitia ba tru cét kinh t&€, méi trudng va xa hoi, thay vi chi
tap trung vao hiéu qua céng nghé hodac tang truéng kinh té€ ngan
han. Bén canh do, cach tiép can lay con ngudi lam trung tam dugc
nhan manh, véi muc tiéu nang cao chat lugng séng, ddm bao cong
bang xa héi va tang cudng kha nang ti€p can cac dich vu dé thi, dac
biét d6i vai cdc nhém dan cu dé bi tén thuong.

Ngoai ra, nguyén tic phong nglia va gidam thiéu 6 nhiém moi
trudng can dugc uu tién théng qua viéc lua chon va trién khai cac
gidi phdp cong nghé dua trén kha nang gidm phat thai, s&rdung hiéu
qua tai nguyén va han ché cac tac dong tiéu cuc dé€n maéi trudng.
Cuéi cung, cach ti€p can vong dai va dai han déng vai trdo quan
trong, theo d6 cac quyét dinh can dya trén danh gia toan dién trong
suét vong doi ciia hé théng, nham tranh cac giai phéap chi t6i uu
trong ngan han nhung gay ra hé qua bat loi trong dai han.

3.6.2. Cdu triic khung tiép cdn tich hop

Khung ti€p can tich hgp dugc dé xuat bao gém ba hop phén
chinh c6 méi quan hé tuong tac chat ché. Thi nhat Ia hop phan
cédng nghé va ha tang théng minh, bao gém cac nén tang cong
nghé nhu cong nghé thong tin va truyén théng (ICT), Internet van
vat (loT), dir liéu 16n va cac hé théng ha tang thanh phé théng minh
nhu giao théng, nang lugng, cap thoat nudc va quan ly chat thai.
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Day la nén tang ky thuat phuc vu cho viéc thu thap, phan tich dir
liéu va hé trg ra quyét dinh.

Th hai 13 hgp phan muc tiéu phéat trién bén viing, dugc cau
thanh ti ba tru ¢t chinh. Trong dd, tru cét kinh t€ hudng téi nang
cao hiéu qua dau tu, t6i uu hoda chi phi va thic ddy d6i mdi sang tao;
tru cdt méi trudng tap trung vao giam phat thai, tiét kiém tai nguyén
va kiém soat 6 nhiém; va tru cot xa hoi nham nang cao chat lugng
sOng, tao viéc lam, ddm bao cdng bang va tang cudng kha nang tiép
can dich vu d6 thi.

Thi ba la hgp phéan cong cu danh gia va ho trg ra quyét dinh,
bao gém danh gia vong dai (LCA) dé€ phan tich cac tac dong moi
trudng, danh gia chi phi vong dai (LCC) nham danh gia hiéu qua
kinh t& dai han va danh gia vong dai xa hoi (Social LCA) dé xem xét
cac tac dong xa hoi. Ba hgp phan nay dugc lién két thong qua hé
théng dir liéu va co ché quan tri d6 thi, tao thanh mét hé théng tich
hgp phuc vu qua trinh ra quyét dinh.

3.6.3. Tich hop ddnh gid méi trudng va LCA trong quy hoach va
trién khai

M6t néi dung trong tam cla khung ti€p can la viéc tich hgp
danh gia tdc ddng mai trudng (EIA) va danh gia vong doi (LCA) trong
toan b qua trinh quy hoach, thiét k€ va trién khai cac du an thanh
phd thong minh. & giai doan quy hoach, cin xem xét va so sanh cac
kich ban phat trién khac nhau dua trén cac chi tiéu vé tac dong moi
trudng va chi phi vong doi. Trong giai doan thiét ké, viéc lya chon
céng nghé va vt liéu can dua trén két qua phan tich LCA nham
gidm thiéu cac tac ddng tiéu cuc dén moi trudng.

Trong giai doan van hanh, cac hé théng di liéu thai gian thuc
c6 thé dugc st dung dé gidm sat va t6i uu hda hiéu qua maéi trudng
va kinh té€ ctia hé théng. D6i véi giai doan két thac vong ddi, can
xem xét kha nang tai st dung, tai ché va x ly chat thai nham giam
thiéu tadc déng moi trudng. Viéc tich hgp LCA trong toan bod vong
dai gitp han ché hién tugng chuyén dich tac dong gilta cac giai
doan, dong thai dam bao cac giadi phap dugc lua chon la t6i uu vé
moi trudng trong dai han.
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Hinh 3. Khung ti€p can tich hop phat trién thanh phé théng minh bén viing

3.6.4. Long ghép cdc yéu té xa héi va lao déng viéc lam

Khung ti€p can dé xuat cling nhan manh vai tro clia viéc l6ng
ghép cac yéu té xa hoi trong phét trién thanh phé théng minh.
Trudc hét, cac gidi phap céng nghé, dac biét la tu déng héa va s6
héa, 6 thé lam thay d&i cdu truc thi trudng lao dong, do d6 can cé
céc chinh sach phu hgp nham hé trg dao tao lai va chuyén déi nghé
nghiép cho ngudi lao dong. Dong thai, cdn dam bao tinh cdng bang
trong tiép can céng nghé va dich vu dé thij, giip moi nhém dan cu,
dac biét 1a cdc nhém yéu thé, c6 thé thu hudng lgi ich tir cac gidi
phap thong minh.
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Bén canh d6, cac giai phap thanh phé thdng minh can gop phan
cai thién suc khoe cong déng va nang cao chat lugng séng thong
qua viéc giam 6 nhiém va cai thién méi trudng séng. Van dé bao vé
quyén riéng tu va an toan dir liéu ciing can dugc dac biét quan tam
trong béi canh gia tang st dung dit liéu va cac nén tang so. Viéc ap
dung danh gid vong dai xa héi (Social LCA) cho phép lugng hda va
danh gia cac tac ddong nay mét cach cé hé théng, tir dé hoé trg xay
dung céc chinh séach phu hop.

3.6.5. Chinh sdch va quan ly

Tukhung ti€p can tich hgp dugc dé xuat, nghién ctu dua ra mot
s8 dé xudt vé chinh sach va quan ly nham thuc day phat trién thanh
ph6 théng minh bén vimng. Trudc hét, can tich hgp cac cong cu danh
gia nhu LCA, LCC va Social LCA vao quy trinh lap, tham dinh va trién
khai cac dy an d6 thi. Déng thai, viéc xay dung hé théng ca s& dit
lieu phuc vu danh gia vong ddi la can thiét nham nang cao do tin
cdy va hiéu qua cda qua trinh phan tich.

Bén canh do, can ban hanh céc tiéu chudn va hudng dan ky
thuat lién quan dén phat trién thanh phé thong minh bén viing, tao
o s& phap ly cho viéc trién khai trong thuc tién. Viéc thuc ddy hop
tac gilta khu vuc céng, khu vuc tu nhan va cac té chiic nghién cdu
cling déng vai trd quan trong trong viéc d6i mai sang tao va chia sé
nguédn luc. Cudi cung, can tang cudng nang luc cho cac co quan
quan ly trong viéc ap dung cac céng cu danh gia hién dai, nham
nang cao hiéu qua quan ly va ra quyét dinh trong phat trién dé thi.

3.6.6. Thdo luan

Khung ti€p can dé xuat la déng gop chinh clia nghién ctu, cho
phép tich hgp déng thdi cac yéu té cdng nghé, phat trién bén viing
va danh gia vong ddi, qua d6 hé trg hiéu qua cho qua trinh ra quyét
dinh trong quy hoach va quan ly d6 thi.

Khung tiép can tich hgp dugc dé xuat cho thdy rang viéc xay
dung thanh phé théng minh khéng thé tach rdi khoi muc tiéu phat
trién bén vimng. Cong nghé chi thuc sy phét huy hiéu qua khi dugc
dat trong mot hé théng quan tri phu hgp va dugc déanh gia dua trén
cac tiéu chi toan dién vé méi truang, kinh té va xa hoéi. Viéc qua nhan
manh vao cédng nghé c6 thé dan dén nhiing gidi phap thi€u bén
viing néu khong xem xét day du cac yéu t6 kinh t& moi trudng va
xa hoi.

Trong boi canh dé, viéc tich hgp LCA vao qua trinh quy hoach
va phat trién dé thi la mot hudng di can thiét nham dam bao cac
quyét dinh dugc dua ra dua trén danh gia toan dién va dai han.
Dong thai, can cé cac chinh sach hd trg va khung phép ly pht hgp
dé thuc day viéc dp dung céc cdng cu nay trong thuc tién, gop phan
dinh hudng phat trién do thi theo huéng bén viing, thich (ing vdi
céc thach thic dai han nhu bién déi khi hau va chuyén déi kinh té -
xa hoi.

Cuéi cuing, nghién ctru cling mé ra hudng nghién cu tiép theo,
bao gém viéc ap dung khung dé xuat vao cac trudng hap cu thé,
dac biét trong b8i cdnh cac quéc gia dang phat trién, nham kiém
chiing va hoan thién mé hinh thanh phé théng minh bén ving.

4. KET LUAN VA KIEN NGHI

Nghién ctu khdng dinh rdng thanh phé théng minh chi thuc su
c6 y nghia khi dugc phat trién trén nén tang bén viing, trong dé
cong nghé déng vai tro céng cu thay vi muc tiéu. Cong nghé chi
déng vai trd la cong cu hé trg nham dat dugc cac muc tiéu phat trién
kinh t€, bdo vé moi trudng va dam bao cong bang xa hoi. K&t qua
phan tich cho thdy méi quan hé giiia ba tru cét kinh té& - méi trudng
- xa hoéi mang tinh tuong tac phuc tap, doi héi cach ti€p can tich hop
trong qua trinh quy hoach va quan ly do thi.

Viéc tich hgp LCA, LCC va Social LCA cho phép danh gia toan
dién cac tac dong trong sudt vong ddi, gop phan nang cao chat

lugng ra quyét dinh. Trén co s& do, nghién clu da dé xuat khung
ti€p can tich hgp, gép phan dinh hudng phat trién thanh phd théng
minh theo hudng bén viing, thich lng v&i cac thach thic vé méi
trudng va xa hoi. Khung tiép can dé xuat khong chi c6 y nghia ly
ludn ma con cé kha nang tng dung trong thuc tién, dac biét trong
b6i canh cac d6 thi dang d6i mat véi ap luc phat trién nhanh va céc
thach thidc méi truong ngay cang gia tang.

Khung ti€p can dé xuat cé thé dugc st dung nhu mét céng cu
tham chiéu trong qua trinh quy hoach va phét trién cac thanh phé
théng minh tai Viét Nam.

Trong thai gian tdi, can tiép tuc nghién ctu va ap dung khung
ti€p can nay vao cac trudng hgp cu thé, dic biét trong béi canh céc
dé thi dang phat trién, nham kiém chimng va hoan thién mé hinh,
hudng t6i xay dung cac thanh phé théng minh thuc su bén viing.
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TGM TAT

Trong chién lege phat trign bén viing va bao vé chi
quyén qudc gia, gido duc tai khu vec bign gigi dang vai
tro then chat. Bai bao tap trung phan tich tién trinh thé
ché haa va hién thuc haa ha tang gido duc tai 248 xa bién
gidi dat lién Viet Nam trong giai doan 2013 - 2026. Thang
qua phuong phap phan tich van ban quy pham phép lut
va danh gia thyc tién ddu tu, nghién ciu lam rd ba giai
doan chuyén dich quan trong: xac 1ap tu duy chién luge,
dinh lrgng myc tigu chudn haa va trién khai dong ba trén
thuc dia. K&t qua nghién ciu chi ra réng viec kien cd haa
trudng lap khang chi |3 hoat dong xay dung co ban thudn
tdy ma can |a mat qué trinh quén tri sigu du n phirc hop.
Bai bao dé xudt he thdng giai phap vé quén trj rii ro da
chiéu va mo hinh hop téc cong - tr quy mé nha, hwdng
tai myc tieu dat trinh da gigo dyc tién tién trong khu virc

vao nam 2030.

Tir khaa: Dau tu xéy dung truang hoc; xa bign gidi; kién cf

hda trutrng lap; chién lege phét trién gido duc; quan tri cong;
hop tac cang tu (PPP).

ABSTRACT

In the strategy for sustainable development and safeguarding national
sovereignty, education in border areas is designated as a top priority.
This paper focuses on analyzing the institutionalization and
implementation processes of educational infrastructure across 248 land
border communes in Vietnam during the 2013-2026 period. Through
normative |egal document analysis and investment practice evaluation,
the study elucidates three critical transitional phases: from establishing
strategic thinking to quantifying standardized objectives and ultimately to
comprehensive on-site implementation. The findings indicate that school
solidification is not merely a basic capital construction activity but a
complex megaproject management process. This process requires the
rigorous integration of sustainable design and breakthrough capital
mobilization mechanisms. The paper proposes a system of solutions
regarding multidimensional risk management and small-scale Public-
Private Partnership models, driving toward the goal of achieving an
advanced regional education standard by 2030.

Keywords: School construction investment; border communes; school
solidification; educational development strategy; public administration;

Public-Private Partnership (PPP).

1.DAT VAN PE

Trung va Tay Nguyén. Dang va Nha nudc ta da khdng dinh gido duc

Trong chién lugc phat trién bén viing clia méi quéc gia, gido duc
ludn dugc coi la ddng luc cbt 16i cho su tang trudng kinh t€ va 6n
dinh xa hoi. Déi vai Viet Nam, vung bién gidi khéng chi la dia ban cé
vi tri chién lugc dac biét quan trong vé quéc phong, an ninh ma con
Ia "phén dau" van hoa ctia T8 quéc. Viéc dau tu ha tdng gido duc tai
248 xa bién gigi dat lién khéng don thuan la hoat dong xay dung ca
ban, ma la cong cu then chét dé thuc hién cong bang xa hoi, nang
cao dan tri va ciing 6 "thé tran long dan" noi dia dau phia Bac, mién
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la “quéc sach hang dau”, trong dé viéc kién c6 hoa trudng I16p ving
bién la nhiém vu trong tdm dé rat ngan khoadng cach phat trién gitia
cac vung mién [1].

Mac du da c6 nhiéu né luc trong thap ky qua, thuc trang ha tang
gido duc viing bién van d6i mat vGi nhiing thach thiic nghiém trong.
Trudc khi cac chd truong mang tinh d6t pha gan day dugc ban hanh,
ty 1& phong hoc tam, phong hoc mugn tai cac xa bién gidi van con
& muic cao (chiém gan 40%), gay anh hudng truc tiép dén chat lugng
day va hoc [10]. Su ra d&i ctia Nghi quyét s6 29-NQ/TW (2013) da dat
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nén maéng cho sy d8i mai cin ban, toan dién gido duc [1]. Tiép do,
Két luan s6 91-KL/TW (2024) va Théng béo s6 81-TB/TW (2025) da
tao ra mot budc ngoat I6n, chuyén ti tu duy hé trg dan trdi sang
dau tu tap trung, dinh lugng muc tiéu 100% kién c6 hda trudng l6p
vao nam 2030 [4], [8].

Vi vay, bai bao thuc hién véi muc tiéu: (1) Hé thong hda va phan
tich sau sic tién trinh thé ché héa dau tu xay dung (BTXD) trudng hoc
vling bién qua cac giai doan chién lugc; (2) Banh gia mé hinh thuc thi
téng luc va hién thuc héa cong trinh trén thuc dia; va (3) Dé xudt cac
dinh hudéng quan tri rdi ro va gidi phap huy déng nguén lyc nham nang
cao hiéu qua dau tu cdng. Nghién ctru ky vong sé mang lai déng gop
quan trong vé mat thuc tién cho cac nha quan ly du an va hoach dinh
chinh sach, cung cdp mét cai nhin toan dién vé cach thiic van hanh "siéu
du an" ha tang gido duc tai cac viing dia dau T6 quéc, hudng téi muc
tiéu hién dai hoa gidao duc Viét Nam vao nam 2030.

2. HANH TRINH TU CHIEN LU'QC DEN HIEN THU'C

2.1. Giai doan thiét lap tu duy chién lugc va tao lap khung
phép Iy (2013 - 2023)

Giai doan 2013 - 2023 dugc dinh nghia la thai ky kién tao "hé
diéu hanh" cho toan bo su nghiép déi méi gido duc va dao tao. Su
ra doi cia Nghi quyét s6 29-NQ/TW ngay 04/11/2013 khong chi la
mot van kién chinh tri théng thuong ma la mét cudc céch mang vé
tu duy quan tri hé théng. Nghi quyét nay xac lap nguyén tac cot 16i:
Nha nudc gilt vai trd chd dao trong dau tu phat trién gido duc, déng
thai khang dinh viéc ddm bao cong bang co hoi ti€p can gido duc la
mot chi s do ludng su phét trién bén viing ctia qudc gia [1].

Trong ly luan quan ly céng, viéc uu tién cho cac xa bién gidi,
vung dac biét khé khan trong Nghi quyét 29-NQ/TW chinh la su ap
dung hoc thuyét "cong béng xa héi" vao phan bé nguén luc cong,
tao ra "xuong séng" phap ly dé cac ca quan quan ly DTXD bét dau
thyc hién tai cau truc danh muc dau tu cédng trung han.

Vé mat quan ly xay dung, day la giai doan dat nén moéng cho
viéc chudn héa co s& vat chat, xac dinh cac muc tiéu chuén ky thuat
t6i thi€u ma méi co s& gido duc ving bién phai dat duoc, ti d6 tao
tién dé cho viéc huy déng cac ngudn von tir ngan sach Trung uong
(thong qua cac Chuong trinh muc tiéu quéc gia) va ngan sach dia
phuong.

Sau 5 nam thuc hién, su chuyén dich chinh sach tiép tuc dugc
ciing ¢6 bang Két luan sé 51-KL/TW ngay 30/5/2019 cla Ban Bi thu.
Van ban nay déng vai tro "hiéu chinh chinh sach" sau khi nhan dién
nhiing khoang cach vé ha tang gido duc con ton tai gilta vung bién
giGi va viing dong bang. Két luan 51-KL/TW da dua ra mét ménh
Iénh hanh chinh manh mé: "tap trung gidi quyét dut diém" tinh
trang thiéu hut phong hoc, dac biét la tai cdc ving sau, ving xa, bién
gidi [3]. Suthay d6i tirthuat ngl "uu tién" sang "giai quyét dt diém"
thé& hién budc ti€n trong quan ly nha nudc, chuyén tir mé hinh quan
ly theo quy trinh sang quan ly theo két qua.

Nh{tng phan tich tur cc van kién trén cho thay moét 16 trinh phap
ly chat ché va nhat quan, tao ra cac tac dong thuc tién rd rét tai cac
dia phuong bién giéi:

e Vé quy hoach dau tu: Cac dia phuong da bat dau tich hgp ké
hoach xay dung truéng hoc vao Quy hoach tinh thaoi ky 2021 - 2030,
tam nhin dén nam 2050, dam bao tinh lién két gitia gido duc véi
phat trién kinh té va quéc phong va an ninh.

o Vé huy dong nguén luc: Giai doan nay ghi nhan su hinh thanh céc
mo hinh hop tac da bén, nai ngan sach nha nudc dong vai trd "vén moéi',
két hop véi cac chuong trinh nhu "Kién ¢ hoa trudng 16p hoc" va cac
nguén xa hdi hda, gilp ty 1é trudng chuan quéc gia tai nhiéu tinh bién gidi
tang trudng manh mé, dién hinh nhu tai Thanh Hoa da dat 83,89% vao
cudi giai doan nay.

e Vé tiéu chudn ky thuat: Viéc ban hanh cac Théng tu vé tiéu
chudn co s& vat chat (nhu Théng tu 13/2020/TT-BGDDT cua Bo
GD&DT) trong giai doan nay da hién thuc hda cac yéu cau vé khéng
gian hoc tap, phong ndi tru va cac cong trinh phu trg, ddm bao
trudng hoc vung bién khong chila noi day hoc ma con la trung tam
vdn héa - chinh tri cGia xa bién gidi.

Sura dgi cia Nghi quyét s6 29-NQ/TW da thiét Iap mot hé gia tri
mGi cho gido duc viing kho khan [1]. Tuy nhién, tinh cdp bach cta
chinh sach chi thuc su dugc lam néi bat khi d&t vao béi canh hién
trang ha tang tai 248 xa bién gidi dat lién. Vi du, tai Thanh Héa, su
chénh léch ha tang gilia cac huyén bién gii nhu Mudng Lat, Quan
Son véi viing dong bang la rat 16n, doi héi Nghi quyét 44/NQ-CP va
K&t luan 51-KL/TW phai dua ra cac ménh lénh hanh chinh manh mé
nham "gidi quyét dut diém" tinh trang nay [2], [3].

Giai doan 2013 - 2023 da tao lap "hanh lang phap ly" va "tu duy
chién lugc". Pay la budc chudn bj tat yéu va can thiét dé dua cong
tac DTXD trudng hoc viing bién budc vao giai doan tang téc va hién
thuc héa thuc dia mot cach khoa hoc, bai ban trong nhiing nam tiép
theo.

2.2. Giai doan tang téc, dinh lugng muc tiéu va chuan héa co's&
ha tang (2024 - dau 2025)

Giai doan nay chung kién su chuyén minh tir muc tiéu dinh tinh
sang quan tri bang chi s6 (KPls). Két luan s6 91-KL/TW (12/8/2024)
va Quyét dinh 1705/QD-TTg da an dinh muc tiéu 100% kién c6 hoa
trudng 1&p vao ndm 2030 [4], [5]. Diém c6t 16i cla giai doan nay la
su chuan héa thiét ké gén lién vdi thuc dia khé khan.

Phan tich noi ham cta K&t luan 91-KL/TW cho thdy mét su thay
déi vé chat trong phuong thiic quén ly dau tu cong cho gido duc.
Van ban nay khong chi nhac lai Nghi quyét 29-NQ/TW ma con xac
lap mét 16 trinh khan truong hon: co ban kién ¢é hoéa trudng, 16p
hoc vao nam 2030 va huéng t6i muc tiéu gido duc Viét Nam dat
trinh d tién tién khu vuc.

Giai doan nay ching kién su chuyén dich tir muc tiéu dinh tinh
sang mo hinh quan tri dua trén chi s6 danh gia hiéu qua (KPls). Két
ludn s6 91-KL/TW ngay 12/8/2024 va Quyét dinh s6 1705/Qb-TTg
ngay 31/12/2024 da xac 1ap muc tiéu hoan thanh 100% kién c6 héa
trudng |&p vao nam 2030 [4], [5]. Diém cét 16i cha giai doan nay la
viéc chuan héa thiét k& gén vai diéu kién thuc dia khé khan.

Phan tich ndi ham cda Két luan s6 91-KL/TW cho thay su chuyén
bién can ban trong phuong thiic quan ly dau tu céng déi vai gido duc.
Van ban nay khong chi ké thura tinh than ctia Nghi quyét s6 29-NQ/TW
ma con xac lap mot 16 trinh rd rang va quyét liét hon: co ban hoan thanh
kién c6 héa trudng, I16p hoc vao nam 2030, déng thdi hudng t6i muc
tiéu dua nén gido duc Viét Nam dat trinh d tién tién trong khu vuc.

DPé hién thuc héa quyét tam chinh tri d6, Chinh pha da ban
hanh Quyét dinh s§ 1705/QD-TTg phé duyét Chién lugc phat trién
gido duc dén nam 2030 [5]. Duéi géc nhin chuyén nganh xay
dung, van ban nay la mét "ban quy hoach téng thé" cé tinh chat
dinh lugng cao, xac lap cac chi s6 ky thuat (Key Performance
Indicators - KPIs) khat khe cho ha tang gido duc vung kho khan:

e Chuin héa ty & kién cd hoa: Quyét dinh an dinh muc tiéu
100% phong hoc kién c6 & tat ca cac cap hoc, dac biét nhan manh
viéc uu tién xdéa bd hoan toan cac diém trudng tranh tre nia |4 tai
cac xa bién gidi. Viéc dinh lugng héa 100% la ca s& dé B K& hoach
va Dau tu cung Bo Tai chinh thiét 1ap cac géi von dac thu.

e Tich hgp ha tang hién dai: Quyét dinh 1705/QD-TTg lan dau
tién dua vao tiéu chuadn bt budc vé ha tang s6 va phong chiic nang
thédng minh cho cac trudng phé théng. Diéu nay doi héi quy trinh
DTXD tai bién gidi phai thay déi tu thiét ké truyén théng sang thiét
ké tich hgp cong nghé (Smart School), phu hgp véi muc tiéu hoi
nhap quéc té.
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V& mat tiéu chudn va quy chuan ky thuét, viéc ap dung triét dé
TCVN 8794:2021 trong giai doan nay la yéu té then chét dé dam bao
chét lugng coéng trinh [9]. Viéc phan tich tiéu chuadn nay trong bdi
canh cac xa bién gidi cho thay su dé cao tinh an toan va bén viing
trudc cac rai ro thién tai (10 6ng, 10 quét va sat |6 dat) 1a dac thu cla
vling cao. Quy chuin yéu cdu mat do xay dung khéng qua 40% va
uu tién dién tich cho khéng gian xanh, béi tap, nha néi tru. bBay la
nhiing "dinh muc ky thuat" bat budc phai dugc tuan tha trong qua
trinh 1ap Bao cdo nghién ctu kha thi (FS), giup céc du an xay dung
trudng hoc vung bién thoat khdi mé hinh "nha hop" don diéu,
chuyén sang mé hinh "khéng gian gido duc ma" va an toan.

Viéc ap dung TCVN 8794:2021 khong chi diing lai & cac théng s6
dién tich ma con phai giai quyét bai toan quan tri rdi ro xay dung
ngay tur budc 1ap du an [9]. BGi véi cac céng trinh ving bién, quan
tri ri ro tap trung vao ba tru cét:

e Logistics va van chuyén: Thiét 1ap cac tram trung chuyén vat
lieu va tan dung nguén luc tai chd dé (ng phé véi cung dudng van
chuyén hiém trd.

e Diachatvadia hinh: Uu tién giai phap mong thich (ng véi dia hinh
déc va nguy co sat 16 cao.

e Y&u t6 an ninh: Phdi hgp chit ché véi cac don bién phong dé
dam bdo an ninh céng trudng va an toan cho déi ngi thi cong tai
khu vuc nhay cdm.

Bén canh d6, su xuat hién cta Nghi quyét 124/NQ-CP ngay
08/5/2025 da déng vai tro la cong cu diéu tiét von, yéu cdu dam bao
ngan sach nha nudc chi cho gido duc téi thiéu 20% téng chi ngan
sach [6]. Trong quan tri BTXD, viéc duy tri ty [&é 20% nay la "nguén
mach" séng con, ddm bao cac du an kién cé hoa trudng 16p tai bién
giGi khéng roi vao tinh trang dinh hodn do thiéu vén. Co ché tai
chinh nay gén lién véi cac tiéu chudn chuan héa ca s& vat chit theo
Théng tu 13/2020/TT-BGDDT, tao nén mot chu trinh khép kin: tu
chudn héa thiét ké - dén dinh lugng muc tiéu - va bado dam ngudn
luc tai chinh.

Giai doan tang t6c 2024 - dau ndam 2025 da thanh céng trong
viéc cu thé hda cac muc tiéu chinh sach thanh cac chi tiéu quan ly
va ky thuat. Su chuyén dich ti cac dinh hudng mang tinh khai quat
sang hé théng chi tiéu, tiéu chuan va ty & cu thé da tao nén tang
quan tri ré rang va kha thi. Pay la tién dé quan trong dé tur gitta nam
2025, cac co quan chiic ndng cé du ca sé dit liéu va hanh lang phap
Iy nham trién khai déng b6 cac du an trén thuc dia, dua qua trinh
PTXD trudng hoc vuing bién budc sang giai doan thuc hién quy moé
16n.

2.3. Giai doan thuic thi téng luc va hién thuc héa céng trinh trén
thuc dia (giiia 2025 - 2026)

Giai doan tu gitta ndm 2025 dén nam 2026 la diém nat quyét
dinh trong toan bé chu trinh chinh sach, danh dau su chuyén héa tu
cé&c nghi quyét trén gidy thanh cac thuc thé kién trac hién hiu trén
thuc dia. Qua trinh nay doi hoi su phéi hop lién nganh cao do, su
nhay bén trong viéc thao g& cac rao can thé ché va nang luc té chic
thi cong trong nhimng diéu kién dia ly, logistics khac nghiét nhat ctia
dat nuéc. Day la giai doan cac van ban hanh chinh nhu Nghi quyét
124/NQ-CP va Théng bao 81-TB/TW dugc hién thuc hoa bang
nguén luc téng hop [6], [8].

Su khéi dau cho chién dich thuc thi nay dugc kich hoat bai Nghi
quyét 124/NQ-CP ban hanh ngay 08/5/2025. Duéi lang kinh quan ly
du an cong, day la mét nghi quyét mang tinh "giai phdng nguén
lyc". Khi d6i mat véi dac thu suat DTXD tai vung nui bién gidi thudng
cao gap 1,5 dén 2 1an so véi ving déng bang do chi phi van chuyén
vat liéu va san [ap mat bang, Nghi quyét 124/NQ-CP da cung cap mot
hanh lang phap Iy linh hoat, cho phép 4p dung céc co ché quan ly dac
thu nham ddy nhanh tién d6 tham dinh, phé duyét va gii ngan. Viéc
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Chinh pht cam két duy tri ty 1& ngan sach chi cho gido duc va diéu tiét
vén kip thai da gitp cac Ban quan ly du én dia phuang khac phuc dugc
rdi ro "dit gay dong tién", mét rao can kinh dién trong cac du an ha
tang viing sau, viing xa [6].

Chuyén bién sau sic nhat vé tu duy kién tao khéng gian gido
duc dugc thé hién qua T& trinh 973/TTr-BGDBT ngay 15/7/2025. Tai
liéu nay khong don thuan la mot dé xuat xin cap vén, ma la mot ban
tai cdu tric mé hinh dau tu ha tang. Thay vi dau tu dan trai, xé 1é
thanh cac diém trudng nhé khéng du tiéu chudn, Td trinh 973/TTr-
BGDDT da manh dan dé xudt mé hinh "trudng phd théng néi trd
lién cap". Phan tich dudi géc d6 kinh té hoc xay dung, viéc "lién cap"
tao ra lgi thé kinh t& nhd quy mo (Economies of scale). Cac cap hoc
sé dung chung ha tang phu trg dat dé nhu nha da nang, thu vién
dién td, nha bép va khu noi tru. Diéu nay via giai quyét dugc bai
toan thiéu hut quy dat bang phang tai cac xa bién gidi, viia t6i uu
héa dugc chi phi bao tri va van hanh cong trinh trong vong doi dy
an (Life-cycle cost) [7].

Bé phéng phép ly cao nhat va co stic nang chinh tri tuyét doi
trong giai doan nay la Théng bao s6 81-TB/TW ngay 18/7/2025 cla
B6 Chinh tri. Van kién nay déng vai trd nhu mét "lénh téng déng
vién" toan hé théng chinh tri, phé chuan chd truang d4u tu cho 248
xa bién gidi dat lién. Tu khia canh quan tri rdi ro va huy dong von,
Thong bao 81 da dinh huéng viéc két hgp ngudn von ngan sach
Trung uong véi mé hinh Hop tac céng tu (PPP) quy mo nho, dong
thdi huy dong stic manh cta lyc lugng quan déi (cac doan kinh té -
Quéc phong) tham gia vao qua trinh san 1ap, m& dudng va van
chuyén vat tu. Day 1a gidi phap quan tri logistics xuat séc, khdc phuc
triét dé rao can vé cd s& ha tang giao théng yéu kém tai khu vuc
phén dau [8].

Mét diém mdi mang tinh dot pha trong giai doan nay la viéc cu
thé héa co ché Hop tac cong tu (PPP) quy mo nho dé kha thi hoa
viéc huy déng von:

e Nha nudc dau tu "phan cing" (xay lap khéi nha chinh, ha tang
ky thuat).

e Doanh nghiép va cac t6 chiic xa hoi tham gia "phan mém" va
cac hang muc phu trg thong qua hinh thic xay dung - chuyén giao
hodc ho trg trang thiét bi cho cac "Studio cong nghé" va khu ndi tra.

e Suvao cudc clia Mat tran T8 quéc khang chi dimg lai ¢ 161 kéu
goi, ma déng vai trd 1a "trong tai" giam sat viéc phan bé nguén vén
xa héi hoa, d@m bao tinh minh bach va hiéu qua trong dau tu tai dia
ban kho khan.

Giai doan thuyc thi 2025 - 2026 da ching minh rang moét chién
lugc dung dan néu dugc quan tri bang nhiing co ché linh hoat, tu
duy dau tu khoa hoc va quyét tdm chinh tri manh mé, hoan toan cé
thé bién nhiing vung dat khé can ndi bién gidi thanh nhimng trung
tam uom mam tri thic hién dai. Nhiing ngo6i trudng néi tru lién cap
khong chi la cac cong trinh gido duc kién ¢, ma da trg thanh nhiing
"cdt méc chi quyén dan tri*, déng vai trd cét 16i trong chién lugc gidr
dan, bam bién va bao vé viing chic doc lap, toan ven lanh thé quéc
gia.

3. MOT SO DE XUAT PINH HUGNG NHAM HIEN THUC HOA
CHU TRUONG PAU TU

3.1. Thé ché héa chinh sach dic thu va dét pha co ché huy
déng vén

Viéc dau tu ha tang tai cac khu vuc ving sau, vung xa thuéng
d6i mat véi hién tuong "that bai clia thi trudng" do chi phi co hoi
I6n va lgi ich kinh té thu vé thap. Diéu nay doi hdi su can thiép
manh mé bang cac chinh sach "phi d&i xing" t&r Nha nudc. Dé
khéac phuc, can thiét 1ap moét khung phap ly uu tién cao nhat vé
dat dai va thué; trong dé cho phép chuyén déi linh hoat muc
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dich st dung dat sang dat gido duc va t6i uu hoa cac co s& vat
chat cong doi du sau tinh gian bién ché. Bén canh vai tro "von
moi" cla ngan sach theo tinh than Nghi quyét 124/NQ-CP [6],
viéc trién khai ca ché Hgp tac cong tu (PPP) quy mé nho la gidi
phép tat yéu. Theo d6, Nha nudc can gidi han trach nhiém dau
tu ¢ "phan ciing", dong thdi ma ra co ché minh bach nham thu
hut khéi tu nhan va céac t6 chic xa hoi tai trg cho "phan mém".
Sy giam sat doc lap ctia Uy ban Mat tran TS quéc sé |a co sa phap
ly ddm bao tinh minh bach, giip dong von xa héi héa dugc phan
bé dung muc tiéu.

3.2. D3i mdi tu duy thiét ké kién tric va chuan héa khong
gian gido duc

Viéc xay dung ha tang giao duc tai viing bién gidi can doan tuyét
vGi tu duy "xay cho cd", thay vao d6 phai tuan thi nghiém ngat cac
quy chudn hién dai nhdm dam béo tinh bén viing vong dai du an.
Cuthé, viec ap dung TCVN 8794:2021 [9] phai dugc cu thé hoa bing
cac tiéu chi: mat do xay dung khéng vuot qua 40% va dam bao dinh
muc dién tich khu dat dat 8-10 m?*/hoc sinh. D€ thich (ng véi dia
hinh chia cdt manh va khi hau khac nghiét, giai phap kién tric "hgp
khoi lién hoan" 1a lua chon t6i uu, giup thu gon mat bang, két néi
xuyén suét cac khéng gian hoc tap va sinh hoat ban trd trong mét
t6 hgp an toan. Hon nita, nham hién thuc héa muc tiéu gido duc dat
trinh d6 tién tién cla khu vuc theo Két luan s6 91-KL/TW [4], thiét ké
dy an phai tich hgp cac "Studio cong nghé" va phong thi nghiém
tuong tac, tao nén tang vat chat vitng chic cho cong cudc chuyén
déi s6 gido duc ngay tai dia ban phén dau.

3.3.Phan cap quan ly va nang cao nang luc thuc thi cta chinh
quyén dia phuong

Hiéu qua cudi clng cla viéc hién thuc héa du an phu thudc
phan 16n vao nang luc van hanh tai co sé. Viéc phan cap, phan
quyén manh mé cho chinh quyén hai céap (tinh, huyén) can di doi
V@i viéc nang cao quyén tu chq, ty chiu trach nhiém cho cac Ban
quan ly dy an chuyén nganh. Chinh quyén céc dia phuong bién gidi
phai c6 trach nhiém thé ché héa cac muc tiéu chién lugc thanh
"Chuang trinh hanh dong" cé do ludng chi sé KPIs, dua nhiém vu
xay dung trudng hoc thanh khau dot pha trong nghi quyét phat
trién kinh té - xa hoi dinh ky. Su vao cuéc déng bé cda hé théng
chinh tri dia phuang chinh la chia khéa dé thao g& cac nut that vé
dén bu, giadi phéng mat bang va téi uu hba cac nguon luc tai ché.

4, KET LUAN

Hanh trinh tir chién lugc dén hién thuc trong viéc BTXD trudng
hoc tai cac xa bién gidi Ia minh ching s6ng déng cho quyét tam
chinh tri va nang luc quan tri nha nudc hién dai cia Viét Nam. Qua
qua trinh nghién ctu va phan tich sau sac cac tang nac van ban tu
Trung uong dén dia phuang, c6 thé rit ra cac két luan khoa hoc sau:

Thu nhat, tién trinh kién cé hoda trudng IGp vung bién giai doan
2013 - 2026 khong phai la mot chudi cac hoat ddng réi rac ma la mot
16 trinh mang tinh hé théng, cé su ké thuia va phat trién chit ché vé
mat tu duy chinh tri. Su chuyén dich tir muc tiéu dinh tinh "uu tién"
sang céc chi s dinh lugng "100% kién c6 hoa" da tao ra xung luc
manh mé cho toan bd hé théng hanh chinh, budc cac dia phuong
phéi thay d6i phuang thiic quan Iy ti "dua trén ngudn luc sén co"
sang "quan tri theo muc tiéu chién lugc".

Th hai, viéc dau tu ha tang gido duc tai dia ban dac thu nhu 248
xa bién gidi doi héi mot sy thay ddi can ban trong tu duy ky thuat
va kinh té€ xay dung. M6 hinh trudng phd théng néi tra lién cap tich
hgp khéng gian hoc tap théng minh, dua trén giai phép kién trac
"hagp khai lién hoan", chinh la dap &n téi uu cho bai toan vé dia hinh
chia cét va khi hau cuc doan. Bong thai, viéc chuyén déi tir co ché
bao cdp hoan toan sang mé hinh phéi hgp da bén théng qua co ché

PPP quy m6 nho da mé ra hudng di méi bén ving, giam tai ap luc
cho ngan sach nha nudc.

Thi ba, su kién dong loat khéi cong 148 ngéi trudng vao thang
3/2026 khong chimang y nghia la nhiing céng trinh vat chdt ma con
la nhing "c6t méc chd quyén dan tri". M6i ngdi trudng dugc xay
dung kién c6 ngi bién thuy chinh la mét phao dai van hoa, gop phan
gili dan, bam bién va tao nén tang cho su phat trién nhan luc tai ché
- yéu t6 c6t 16i d€ bdo vé viing chic doc 1ap va toan ven lanh thé.
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TGM TAT

Bai bao nghién citu danh gia dinh lrgng higu qué dau tr coa he
cip pha nhom tich hop co gigi hda va ty dang haa trong thi cang
nha cao tang. Nghién ciru xay dung khung phan tich két hop ma
hinh tign da thi cang, ma hinh nang sudt lao dang, ma hnh chi
phi vang dai (LCC) va ma hinh tai chinh dya trén gig tri hién tai
thudn (NPV). Phan tich dg nhay va ma phang Monte Carlo dugc
sir dung dé danh gia anh huéng cia cac bién ddu vao quan trong
nhur sd tdng cdng trinh, [ai sut véin vay, mic gidm nhan céng va
chi phi ddu tur ban dau. K&t qua nghién ciu cho thay viec tich hop
he cdp pha tu leo gidp riat ngdn chu ky thi cang tang khoang 27-
30%. tang nang suat lao dang trung binh khoang 3% va gidm
dang ké nhu cdu lao dang truc tigp. Phan tich tai chinh cho thay
céc dy an tir 20-30 tang trdr |én ca khd nang dat gia tri NPV
dueng ri rét. Ngoai ra nghién ciu con xay dyng ma trén rii ro
kyj thuat nham hé tre qua trinh ra quyét dinh ddu tw cong nghe
trong thi cong nha cao tang.

Tir khaa: Cdp pha nham; tr leo; tr dang haa; ma hinh chi phi vang
diri; NPV: céing nghigp hda xay dung.

ABSTRACT

This research paper quantitatively evaluates the investment efficiency of
integrated mechanized and automated aluminum formwork systems in
high-rise building construction. The study develops an analytical
framework combining construction schedule models, labor productivity
models, lifecycle cost (LCC) models, and net present value (NPV)-based
financial models. Sensitivity analysis and Monte Carlo simulation are
used to assess the impact of key input variables such as the number of
floors, loan interest rates, labor reductions, and initial investment costs.
The results show that integrating self-climbing formwork systems
shortens the construction cycle by approximately 27-30%, increases
average labor productivity by about 35%, and significantly reduces the
need for direct labor. Financial analysis indicates that projects with 20-
30 floors or more have the potential to achieve a significantly positive
NPV. Additionally, the study developed a technical risk matrix to support
the decision-making process for technology investments in high-rise
building construction.

Keywaords: Aluminum formwark; self-climbing system; automation;
life cycle cost; net present value; construction industrialization.

1.DAT VAN PE

Su gia tang nhanh chéng clia cac cong trinh nha cao tang tai cac
dé thi I16n dat ra yéu cau cao vé tién do, chat lugng va an toan thi
céng. Trong khi d96, luc lugng lao déng xay dung ngay cang thiéu
hut va chi phi nhan céng tang cao. Cac phuong phap thi cong
truyén théng dua nhiéu vao lao dong thu cong khéng con dap tng
dugc yéu cau canh tranh hién nay.

C6p pha nhém da duoc ting dung réng rai trong hon moét thap
ky qua nha kha nang tai s dung cao, do chinh xac hinh hoc t6t va
rat ngan chu ky thi cong. Tuy nhién, thé hé c6p pha nhém méi
khéng chi ding lai & muc d6 co gidi hda don 1&é ma dang chuyén
sang tich hgp déng bo véi hé théng tu leo, robot hé trg 1dp dung va
cam bién théng minh.
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Cong nghiép héa trong xay dung dugc xem la tru cét nang cao
nang suat nganh Xay dung trong bdi canh chi phi lao déng tang va
yéu cau rat ngan tién dé ngay cang cao. Theo ly thuyét dudng cong
hoc tap, ndng suat thi cong tang khi quy trinh dugc chudn héa va ca
giGi héa [1]. Hé c6p pha nhém tich hop tu leo va tu déng hda la mot
bi€u hién cu thé ctia qua trinh nay.

Tai cac quéc gia phat trién nhu Nhat Ban, Han Quéc, Singapore va
Buic, nganh Xay dung da chuyén manh sang mé hinh thi céng ban tu
déng va tu dong hoa. Hé théng c8p pha tu leo dugc ap dung phé bién
trong thi cdng 16i cting nha cao tang va céng trinh siéu cao tang.

Tuy nhién, tai Viét Nam, cac nghién ctu hién nay chu yéu diing
& phan tich mé ta ky thuat, thi€u mé hinh dinh lugng va phan tich
tai chinh chuyén sau. Viéc nghién ctu xu huéng phat trién va kha
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nang ap dung hé c6p pha nhém tich hgp tu dong hda la can thiét
nham dinh huéng cho cac cha dau tu, nha thau va co quan quan ly
trong chién lugc cdng nghiép hda nganh xay dung.

Vi vay, bai bao hudng tdi xay dung khung phan tich hoc thuat
toan dién gom:
- M6 hinh nang suat thi cong;
- M6 hinh tai chinh NPV;
- Phan tich d6 nhay va rti ro.

A

Hinh 1. Hé c6ppha nhdm: toan bg van khudn cft, vach, dam san, thang bo dugc ghép
dong thoi

2. PHUONG PHAP NGHIEN CUU

Nghién ctiu st dung phuong phap phan tich dinh lugng két hgp
mo phong nham danh gia hiéu qua dau tu cda hé cp pha nhém
tich hgp tu déng hoa.

a. Cdc budc nghién cau bao gém:

- T8ng quan ly thuyét vé cong nghiép héa xay dung va hé cp
phatuleo.

- Xay dung mo hinh tién d6 thi cong tang.

- Xay dung mo hinh nang suat lao déng.

- Phéan tich chi phi vong dai (LCC).

- Phan tich tai chinh dya trén gia tri hién tai thuan (NPV).

- Phan tich d6 nhay va mé phéng Monte Carlo dé danh gia rui ro
dau tu.

b. Cdc bién ddu vao chinh gém:

- S6 tang cong trinh (N).

- Chi phi dau tu bé sung (ACo).

- Lai suat von vay (r).

- Mtic gidam nhan céng (%).

- Ty 1é tdi st dung

3. TONG QUAN LY THUYET VE CONG NGHIEP HOA XAY
DUNG VA HE COP PHA TU LEO

Hé c6p pha nhém truyén théng gdbm cac panel module hoa lién
két bang choét va khda ném. Thé hé mai dugc cai tién theo cac
huéng:

- T6i uu hoa trong lugng va do bén vat liéu

- Chudn héa mé-dun déng bo

- Tich hop co cau nang thay luc hodc co dién

- Ung dung vét liéu hgp kim nhém cudng d6 cao

Cong nghiép héa xay dung dua trén ba tru cot: chudn héa - co
gidGi hoa - s6 hoa [2]. Tu dong héa trong thi cdng bé téng toan khoi
lam giam bién ddng nang suat va tang d6 lap lai quy trinh.

4. XAY DUNG MO HINH TIEN DO THI CONG TANG

Chu ky thi cdng mét tang dugc ciu thanh bai:

T=ti+tho+ts+ta+ts

Trong dé: t; - Idp dung c6p pha; t. - Idp dat cét thép; ts - d6 bé téng;
ts - bdo dudng chd cuong dg; ts - thdo va ndng hé

Anh huéng cta tu dong hda chiiyéu lam giam ti va ts.

Gia dinh s6 liéu khao sét trung binh (céng trinh 30 tang, dién
tich 1000 m?/tang):

Bang 1. So sanh chu ky thi céng tang

Cong doan Nh(“?m thuong Tu I‘eo tich hop
(ngay) (ngay)
Lipdungcoppha | 1,4 0,8
Lap dat c6t thép 1,2 1,2
D6 bé téng 0,6 0,6
Bdo duéng cho
cuong do 0.9 0.9
Thao va nang hé 04 0,2
Tong T 4,5 3,7 — téiuu 3,3
Hé s6 cai thién tién dé:
kT — T;rad _T:zum — 4,5-3,3 ~26,7%
T 4.5
Téng thdi gian phan than:
TT=NXxT
V6i N =30 tang:

TTwad = 30 X 4,5 = 135 ngay;
TTauto =30 X 3,3 =99 ngéy
Rut ngan: 36 ngay (= 26,7%).

LA - Kb ks thing
- T e by g

a2

ag

T

Hinh 2. So sanh chu ky thi cdng tang

Két qua mé phong cho cong trinh nha cao tang 30 tang vdi dién
tich trung binh 1000 m?/tang cho thay:

Chu ky thi cong tang gidm tur 4,5 ngay xudng con 3,3 ngay khi
st dung hé c6p pha nhom tich hgp tu leo.

Téng thdi gian thi cong phan than:

- Phuong an truyén théng: khoang 135 ngay.

- Phuong an tich hgp tu déng hoa: khoang 99 ngay.

Nhu vay tién do dugc rat ngan khoang 36 ngay, tuong duong
26-27%.

N&ng suét thi cong trung binh ting tir khodng 220 m*/ngay lén
hon 300 m*/ngay.

S6 lugng nhan céng truc ti€p giam ti khoang 45 ngudi xuéng
con khoang 30 ngudi cho méi tang thi cong.

LB

5. XAY DUNG MO HINH NANG SUAT LAO PONG
Nang suat thi cong tang dugc biéu dién:
p=4

T

Trong dé: P - ndng sudt (m%ngay); A - dién tich san tdng (A = 1000
m?; T - chu ky thi céng tdng
B = —12050 =222 (m?/ngay)

E)

o = lgﬁ =303 (m*ngay)

Murc cai thién nang suat khi tich hop ty dong hoa:
Zx}):: }1uw _-}zwd — 3()3 _-2222 ;::36)5gé
P 222

trad
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Trong d6: Pauo - nNdng sudt tu déng hoa; Prad - nding sudit truyén théng.
S6 nhan cong trung binh/tang:
Bang 2. So sanh nang suat lao dong

Phuong an Nhan céng | Céong/ngay | Téng céng/tang
Nhém thuong | 45 nguoi 4,5 ngay 202,5 cdbng
Tu leo 30 nguoai 3,3 ngay 99 cong

Mic gidm téng céng lao déng = 51%.

L]

bl

oy -

Tryén théig Tir e
Hinh 3. So sdnh nang sudt thi cong

6. PHAN TICH CHI PHi VONG B0l (LCC)
C, -C, N4
d+r) A+r)
Gia dinh: Co_trad = 20 ty; Co_auto = 25 ty; Cm = 0,5 ty/nam; r = 10%.
Tudi tho khai thac: 5 ndm (2 du n 16n)
Gia tri thu hoi (SV): SVirad = 5 ty; SVauo = 8 1.
K&t qua tinh toan chiét khau:
LCCtrad = 19,6 t)’/; LCCauto =1 8,9 t}’/
— Phuong an tu déng hoa co chi phi vong ddi thap hon khi xét
du chu ky st dung.

200 |

LCC=C,+Y,

s

o B H B
w a6

bl e B8 Ty Bbral

-
o

5

vl Ty
Hinh 4. So sénh chi phi vong ddi

7.PHAN TiCH TAI CHINH DUA TREN GIA TRI HIEN TAI THUAN
(NPV)

Lai ich tai chinh gom:

- Tiét kiém lai vay nho rat ngan tién do

- Gidm chi phi nhéan cong

- Gidm chi phi hoan thién bé mat
B -C
a+r)

Trong do: B: - lgi ich ndm t; C: - chi phi ndm t; r - 1Gi sudt chiét khdu.

Hé théng dugc xem la hiéu qua khi NPV > 0.

Téng vén phan than: 240 ty; Lai sudt r = 10%; Thai gian rdt ngén
=36 ngay; Tiét kiém lai vay: S+ =240 x 0,10 X (36/365) ~ 2,37 ty

Gidm chi phi nhan céng (6 ty x 35%) = 2,1 ty

Giam chi phi hoan thién (1,5% gia tri phan tho =~ 3,6 ty x 15%) =~
0,54ty

Gié tri hién tai thuan (NPV): NPV = )"
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Téng lgi ich: 5,01 ty
Chi phi b8 sung dau tu: 5 ty

V:ill—524,55—5:—0,45 (1 duén)
(1+0,1)
Néu st dung cho 2 du an lién tiép:
5,01 . 5,01

= + —-5=4,55+4,14-5=3,69 (ty) >0
Ty )
— Diém hoa von dat tir du an thi hai.
Bang 3. Phan tich NPV theo s6 tang

S3 tang NPV (ty)
20 -1.2
25 0.8
30 3.4
35 6.1
40 8.9
L
[
£,
=
g
3
[-]
-
00 ?:: > 3o ans Xo pri no ns A0

S8 thiy

Hinh 5. Quan hé giia s6 tang va NPV

Dudng cong NPV theo sé tdng

Biéu dé thé hién quan hé phi tuyén gilta s6 tdng va NPV. Diém
hoa vén dat tai khoang 18-20 tang. Sau 30 tang, bién Igi ich tang
nhanh do hiéu tng quy mé. Hé théng nay mang lai loi nhuan vuot
troi tirdy an tha hai hodc déi véi cac toa nha c6 quy mo trén 25 tang.

Phan tich tai chinh dugc thuc hién dua trén mé hinh NPV véi gia
dinh chi phi dau tu bé sung cho hé tu dong hoa la 5 ty déng.

Cac lgi ich tai chinh bao gom:

- Tiét kiém chi phi lai vay do rat ngan tién do.

- Gidm chi phi nhan cong.

- Gidam chi phi hoan thién bé mat bé téng.

Két qua tinh toan cho thay:

Téng lgi ich kinh té khoang 5,01 ty déng cho méi du 4n quy mé
30 tang.

Khi hé cép pha duoc téi s dung cho hai du an lién tiép, gia tri NPV
dat gia tri duong r6 rét, cho thay tinh kha thi vé mat dau tu cong nghé.

8. PHAN TiCH DO NHAY VA MO PHONG MONTE CARLO PE
DANH GIA RUI RO PAU TU

8.1. Mé hinh héi quy da bién dua trén bo dir liéu gia lap (n =
1000)

8.1.1. Thiét ké bé dir lieu mé phong

Dé& danh gia muic d6 dnh hudng déng thai clia cac bién ky thuat
- kinh t€ dén hiéu qua tai chinh (NPV), nghién ctu xay dung bé di
liéu gia lap gébm 1000 quan sat bdng phuong phap Monte Carlo. Cac
bién dau vao dugc phan bé nhu sau:

- X1: Nang suét thi céng (m*/ngay), phan bé chuan N (u =280, o
=25)

- Xa: Chi phi dau tu ban dau (ty déng), phan bé chuadn N (u = 3,5;
o=04)

- X3: Ty lé tai sir dung (%), phan bé chuin N (u = 180; 6 = 20)




www.tapchixaydung.vn

- X4: S6 tang cong trinh, phan bé rai rac U (15-45)

- Xs: Hé s6 hoc tap (learning rate), phan b6 chudn N (u=0,92; 0
=0,03)

Bién phu thudc:

- Y: Gia tri hién tai rong (NPV, ty déng)

8.1.2. M6 hinh hoi quy tuyén tinh da bién

Dang téng quat:

Y =Bo+ B1Xi + BaXa + BsXs + BaXa+ BsXs + €

Két qua udc lugng (OLS) tir dit liéu mod phéng cho thay:

Y =-4,82+0,015X1 - 1,12X2 + 0,021X3 + 0,084X4 + 2,65Xs

Hé sé xéac dinh R* = 0,87; F-test (p < 0,001)

Dién gidi hoc thuat:

- X4 (s6 tang) o tac ddong duong manh nhat dén NPV

- X2 (chi phi dau tu) c6 hé s6 am I6n, anh huéng nghich chiéu

- Xs (learning rate) thé hién vai trd ctia kinh nghiém té chic thi céng

8.1.3. Biéu dién mé hinh duéi dang ma trgn

Mé hinh héi quy dugc biéu dién dudi dang dai s6 tuyén tinh:

Y=XB+¢

Trong dé:

Y (1000%1) = vector gia tri NPV; X (1000x6) = ma tran bién déc
lap (bao gém cot 1 cho hé s6 chan); B (6x1) = vector hé s6 hoi quy;
€ (1000x1) = vector sai s6

Udc lugng OLS: B= (XTX)7'XTY

Ma tran hiép phuong sai:

Var(B) = o* (XTX)™

Cach biéu dién nay cho phép mé& rong sang mé hinh Ridge hoac
Lasso khi xt ly da cong tuyén.

8.2. Phan tich d6 nhay da bién

Bién dau vao:

- N (s6 tang): 20-40

- r (13i suat): 8-15%

- Gidam nhan céng: 20-40%

- AGo (Chi phi dau tu): 3-7 ty

Két qua mé phdng 1000 kich ban cho thdy:

Xac suat NPV > 0:

- Cong trinh 20 tang: 32%

- Cong trinh 25 tang: 58%

- Cong trinh 30 tang: 81%

- Cong trinh 35 tang: 93%

Hé s6 anh hudng (theo phan tich héi quy chudn héa B):

Bang 4. Phan tich d6 nhay cac bién

Bién Hé s6 anh huéng
S6 tang 0.63
Lai sudt 0.48
Giam nhan cong 0.36
Chi phi dau tu -0.41
Tai st dung 0.22

04 -0 oo az a4 s
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Hinh 6. Phan tich d nhay cdc bién dnh hudng NPV

Phdn tich d6 nhay cdc bién

Thi ty muc anh hudng (tir 16n dén nho):

-S6 tang

- Lai suat

- Gidam nhan céng

- Chi phi dau tu

- Tai st dung

Biéu d6 cho thay bién “s6 tang” c6 bién d6 dao dong NPV 16n nhat.

8.3. M6 phéng Monte Carlo (n = 10.000)

Phan phdi NPV c6 dang gan chudn léch phai nhe.

- Gia tri trung binh: 6,84 ty dong

- Do léch chuén: 1,92 ty dong

- Xac suat NPV > 0: 96,3%

K&t qua cling c6 tinh kha thi tai chinh cla hé c6p pha nhém tu
ddéng hoda trong céng trinh cao tang ti 20 tang tré [én.
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Hinh 7. Phan phdi NPV md phong Monte Carlo

Bang 5. Ma tran rQi ro hé c6p pha tu leo

Rai ro Xacsuat | Mdic anh huéng | Miic riiro

Héng hé kich

thily luc Trung binh Cao Cao

Sai léch déng

b6 cdm bién Thap Trung binh Trung binh

Thiéu nhan luc

van hanh Trung binh

Trung binh Trung binh

Tré cung cap

thiét bi Thap Cao

Trung binh

L6i phan mém

didu khién Thap Trung binh Théap
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Hinh 8. Ma tran dénh gia rdii ro

Nghién cliu xay dung ma tran rui ro dua trén hai tiéu chi: xac
suat xay ra va muc do anh hudng.

Céc rui ro chinh gém:

- Su ¢ hé théng kich thuy luc.

- Sai léch d liéu cdm bién.
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- Thi€u nhan luc van hanh thiét bi.

- Tré cung cép thiét bi.

K&t qua phan tich cho thay rai ro ky thuat chu yéu tap trung
trong giai doan dau trién khai céng nghé.

Tuy nhién cac rdi ro nay cé thé dugc ki€ém soat thong qua dao
tao nhan luc, chudn héa quy trinh van hanh va ting cudng kiém soat
ky thuat.

9. THAO LUAN VA SO SANH QUOC TE

9.1. So sanh véi cac nghién ctiu tai Han Quéc va Nhat Ban

Cac nghién ctu tai Han Quéc cho thay hé cép pha tu leo (SCF)
giup rat ngan chu ky tang xudéng con 3,0-3,5 ngay doi véi nha trén
40 tang. Kim va Park ghi nhan muc tang nang suat 28-35% khi tich
hap ca cau kich thiy luc d6ng bé va kiém soat s6 hoa [3]. K&t qua
nghién ctu hién tai (tdng 30-36%) nam trong cung khoang gia tri,
cho thay tinh tuong thich vé mat ky thuat.

Tai Nhat Ban, cac du an cao tang ting dung robot ho trg 1dp dung
va hé san c6ng nghiép héa (Shimizu, Kajima) cho thdy tac déng
manh hon dén dé én dinh chat lugng va an toan lao dong hon la
tryc ti€p dén NPV. Tanaka [4] nhan manh vai tro cla tu dong hoa
trong giam bién dong nang suat (productivity variance), mét yéu to
it dugc lugng hoa tai Viét Nam. Diéu nay ggi md hudng nghién cdu
tiép theo vé mé hinh héa dé léch chudn nang suat thay vi chi gia tri
trung binh.

9.2. So sanh véi chau Au va Hoa Ky

Tai chau Au, xu huéng industrialized construction tap trung vao
tién ché héa (prefabrication) va mo-dun héa hon 1a cai tién hé cép
pha truyén théng. Couto, J. P, & Teixeira, J. C. [1] va Gann [6] cho
rang hiéu qua kinh té chi dat t6i uu khi chudi cung Uing dugc tich
hgp dodng bé. So véi boi canh do, thi trudng Viét Nam chua dat mic
tich hgp chubi gia tri cao, nén hiéu qua tai chinh phu thuéc nhiéu
hon vao quy mé tang va lai suat von vay.

Tai Hoa Ky, Teicholz [7] chi ra rang nang sudt nganh xay dung
tdng cham haon nhiéu so vé6i cong nghiép ché tao. Ung dung SCF va
robot xdy dung dugc xem la mét trong cac gidi phap thu hep
khoang cach nay. Tuy nhién, muc chi phi lao dong cao tai My lam
cho thai gian hoan vén ngdn hon dang ké so véi Viét Nam. Diéu nay
gidi thich vi sao trong nghién ctu hién tai, NPV chi duong r6 rét tu
du an thu hai tré di.

9.3.Y nghia thuc tién tai Viét Nam

So sanh quéc té cho thay ba diém khéc biét chinh:

- @ cac nudc phat trién, dong luc chinh 1a giam chi phi lao déng
va tang an toan.

- Tai Viét Nam, déng luc chinh la rat ngan tién do6 va téi uu chi
phi tai chinh.

- Muic d6 tich hop s6 hoa (BIM 4D/5D, 1oT) quyét dinh dé bén
viing dai han cda mo hinh.

So vGi nghién ctru clia Kim va Park [3], mic tang nang suat tai
Viét Nam tuong duong nhung lgi ich tai chinh phu thudc nhiéu hon
vao lai suat vén vay. Diéu nay phan anh dac thu thi trudng von trong
nuac.

Viéc tich hgp BIM 4D va loT giup gidm bat dinh trong quan ly
tién do, phu hap dinh hudng chuyén déi s6 nganh xay dung.

10. KET LUAN

- Hé c6p pha nhom tich hgp tu leo gitp gidm chu ky thi céong
tang tr 4.5 xuéng 3.3 ngay, tuong duong 26-30%.

- Nang suat lao déng tang 34-36% va nhu cau lao dong truc tiép
gidm khoang 35-50%.

- Phan tich tai chinh cho thdy diém hoa vén dat & 23-25 tang,
trong khi cac cong trinh =30 tdng mang lai NPV duang r6 rét.
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- Phan tich dé nhay chi ra quy mé céng trinh va lai suat vén vay
Ia hai bién anh hudng I6n nhat.

- Ma trdn rdi ro cho thdy rui ro chinh tap trung vao hé théng kich
thay luc va nang luc van hanh, cé thé kiém soat bang dao tao va
chuan héa quy trinh.

K&t qué nghién ctru cho thay viéc tng dung hé cép pha nhém
tich hgp tu leo va tu ddng hoa cé kha nang cai thién dang ké nang
suat thi cong, rdt ngan tién do va nang cao hiéu qua kinh té trong
cac du an nha cao tang. Phan tich tai chinh chi ra rang hiéu qua dau
tu phu thuéc manh vao quy mé céng trinh va tan suat tai st dung
hé théng cép pha.

DBi véi cac du an cé quy mé tir 25 tang tré 1én, hé théng tu dong
héa c6 kha nang mang lai gid tri NPV duang ré rét va gop phan thac
d&y qua trinh céng nghiép héa nganh xay dung tai Viét Nam.

11. KIEN NGHI

- Kién nghi B6 Xay dung ban hanh cac tiéu chuan ky thuat riéng
cho hé c6p pha tu dong héa.

- Khuyén khich dua viéc ing dung céng nghé nay vao tiéu chi
danh gia nang luc nha thau trong cac du an trong diém.
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Phat trién mo hinh khai niém cho thuc hanh
kinh té tuan hoan trén céng truong:

Mot nghiéen cuu Delphi

Developing a Conceptual model for Circular economy practices on construction sites: A

Delphi study
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TGM TAT

Nghién ctru nay phat trién mat ma hinh khai niém tich hop cang
trwreng tinh gon (Lean) vai khung cang nghé - td chirc mai truing
(TOE) nham ha trg thyc hanh kinh té tudn hoan (CE) trén cang
truremg xay dung tai cac qudc gia dang phat trién. Tir tdng quan
tai lieu, nghién citu xay dung danh muc bién ban dau va sang loc
béng phang vén Delphi ban cau trac nhigu vang, ket hop tigu chi
dang thuan KAMET d& danh gia mirc da pho hop va tinh kha thi tai
hign truang. Ket qué gii |ai 40 bién, gdm 33 bign diéu kign/thuyc
hanh va 7 bién két qua; ddng thai loai 3 bign duec chuyén gia
théing nhat 1a kha duy tri trong bdi canh cang treang Viet Nam.
Ma hinh dé xudt nhan manh céc ndi dung co thé trién khai thuc
té tai hién trudng, cung cép ba bign kha thi cho cac bén lien quan
va [am nén téang cho kiém dinh dinh lugng trén méu len & giai
doan tiép theo.

Tir khaa: Cang trirang tinh gon; céng truang xay dung; kinh té tudn
hoan; phuang phap Delphi.

ABSTRACT

This study develops a site-level conceptual framework that integrates
lean thinking with Technology-Organization-Environment  (TOE)
conditions to support circular economy (CE) practices on construction
sites in developing countries, with Vietnam as the focal context. An
initial pool of variables was developed from the literature and refined
through multi-round semi-structured Delphi interviews using the
KAMET consensus criteria to assess relevance and on-site feasibility.
The final framework retains 40 variables, including 33
enabling/practice variables and 7 outcome indicators, while excluding
3 variables considered difficult to sustain on typical Vietnamese
construction sites. The proposed framework emphasizes practically
implementable site-level actions, offers a feasible set of variables for
construction stakeholders, and provides a basis for subsequent large-
sample empirical validation.

Keywords: lean construction; construction sites; circular
economy; Delphi method.

1. DAT VAN BE

Nganh Xay dung & cac nudc dang phat trién visa thac ddy ha
tang, do thi hda, vira tao nhiéu viéc lam, nhung & cap cong trudng
van ton tai that thoat nang sudt va “diém nghén” phéi hop giira cac
bén (Long & Luu, 2025). But gay théng tin va thiéu déng bo ké
hoach - cung Ung - trién khai lam gian doan thi céng, phat sinh chi
phi dn (Nguyen, Do, et al., 2025). Cach quan ly theo kinh nghiém va
ménh 1énh vi vay boc 16 gidi han, nhat la trudc yéu cau giam lang
phi, kiém soat chi phi va tién do.

Mét ap luc khac la chat thai va pha d& chiém khoadng 30% luong
chat thai toan cau, gay ganh nang chi phi cho nha thau va rai ro méi
trudng. Trong béi cdnh d6, kinh té tudn hoan chuyén trong tam tu “thai
bo” sang kéo dai vong ddi va téi tao gia tri tai nguyén, dong thai mé ra
“chién lugc kép” cho cac nudc dang phat trién: giam lang phi, cai thién
chi phi va gidm tac dong moi truong (Nguyen, Nguyen, et al., 2025).

Cong trudng tinh gon hé trg hudng nay théng qua viéc loai bo
lang phi, 8n dinh dong céng viéc va cai thién phdi hgp (Xing et al,,
2021). Tuy nhién, hiéu qua Lean khac nhau giita cac du an vi phu
thudc vao muc sdn sang cdng nghé, nang luc té chuc va ap luc moi
truong (Fang & Gao, 2024). Khung TOE giup ly giai su khac biét nay
qua ba nhém diéu kién: cong nghé, t6 chic va méi trudng (Katebi
etal., 2022; Low et al., 2022; Xue et al.,, 2023).

Dudi géc nhin CE, déng gop bén viing clia Lean duoc thé hién qua
viéc gan cac thuc hanh cong trudng vdéi chién lugc 7R: Refuse/Rethink,
Reduce, Reuse/Refurbish, Repair/Remanufacture, Repurpose va
Recycle/Recover (Bertino et al., 2021). Trong quan ly xay dung, nhiéu
nghién ctu gan day dung cac ky thuat dinh lugng tién tién dé kiém dinh
nhiing mé hinh c6 nhiéu bién va quan hé dan xen; bang chiing vé
tuong tac Lean-TOE va tac dong dén Lean Site Effectiveness (LSE) & cac
nudc dang phat trién van han ché (Evans et al,, 2021). Vi vy, nghién cu
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xay dung khung tich hgp Lean-TOE cho CE tai cong trudng, qua dé dé
xudt cac “don bay” can thiép kha thi khi nguén luc han ché.

2. CO SO LY THUYET

2.1. Cac khai niém va dong nghién citu thuc hanh kinh té
tuan hoan trén céng trudng

Cong trudng tinh gon (Lean Construction - LC) la cach tiép can quan
tri sdn xuat - thi cdng nham t6i da hoda gia tri theo yéu cau ctia khach
hang théng qua viéc 6n dinh luéng cong viéc, gidm bién dong va loai
bé lang phi trong thi cong (Fadeyi, 2021). Trong LC, “gia tri” dugc hiéu
la muc do dap tng thiét ké va tiéu chudn, déng thai bao gém dé tin cay
tién do, chat lugng ban giao, an toan va hiéu qua phéi hop lién nganh.
Nguac lai, cdc hoat déng khdng tao gia tri la nhiing thao tac, thai gian
ch& hodc nguén luc tiéu t8n nhung khéng lam tang gia tri dau ra; phd
bién nhu chd mat bang, chd vat tu, di chuyén khong can thiét, thao tac
thura, ton kho, sai 16i va lam lai (Xing et al., 2021).

Hiéu qua tién trinh cong viéc phan anh muc do lién tuc va it gian
doan ti chuén bi, thi cd6ng dé&n nghiém thu. N6 phu thudc chl yéu
vao do tin cay cla ké hoach, phéi hgp déng bé, cung ting nguén luc
va kiém soat 16i dé giam lam lai, hon 1a t8i uu ndng suat cuc bé. Do
d6, LC thudng duoc hién thuc héa théng qua kiém soat san xuat tai
cédng doan gan vdi s do dong gia tri (Value Stream Mapping - VSM),
“Pull planning”, quan tri truc quan, ky luat hién trudng va cai ti€n
lién tuc (Shooshtarian et al., 2023).

Hiéu qua van hanh co6ng truong tinh gon (Lean Site
Effectiveness - LSE) phan anh muc “van hanh Lean” & cap cong
trudng, thé hién & nang luc van hanh hiéu qua, gidm lang phi, phéi
hgp tron tru gitta cac bén va dap tng ky vong bén viing - chat luong;
nhan manh ky lut va tinh bén viing cla kiém soat san xuat. LSE vi
thé dong vai trd ndng luc trung gian gitp chuyén thuc hanh LC
thanh két qua hiéu sudt/bén viing, nhat 1a khi diéu kién thi cong
bién dong va nguon luc han ché (Xing et al., 2021).

Kinh té€ tuan hoan trong xay dung la dinh hudng quan tri tai
nguyén nham duy tri gia trj vat liéu/cdu kién lau nhat, giam tiéu thu
tai nguyén so cap va giam chat thai - phat thai trong toan vong doi
c6ng trinh. CE dudc cu thé hoa bing 7R. G cong trudng, CE thé hién
qua quyét dinh vé vat liéu, t6 chuic thi cong gidm hao hut, phan loai-

thu hoi-tai s dung va take-back/reverse logistics theo chudi cung
Ung (Marchesini, 2025). Két qua CE c6 thé dugc do bang ty 1é chuyén
hudng chat thai, ty Ié tai s& dung/tan trang tai chd, muc do tach
nguon, ty 1& thu héi va muc gidm chat thai nhd ngan ngtia lam lai
(Meng & Cao, 2024; Wu, 2025).

Nghién ctiu nay xéc lap logic tich hgp LC-CE: LC la “ha tang quan
tri van hanh”, trong d6 cac thuc hanh LC lam ting LSE thédng qua 6n
dinh tién trinh, gidm sai 16i va tang phéi hgp; tir d6 nang két qua CE
ma khéng danh déi hiéu suat ban giao (Bertino et al., 2021; Marsh et
al., 2022; Victar & Waidyasekara, 2023). Noi cach khac, cac coéng cu
nhu VSM, Last Planner System va Just-in-Time logistics c6 thé dugc
gan truc tiép véi cac hanh dong 7R theo tiing céng tac hoac dong
vat liéu (Xing et al., 2021).

Déng thai, van dung khung TOE dé ly giai diéu kién thuc
ddy/kim ham tiép nhan d6i mai: Cong nghé nhu BIM, mé phéng tién
d0 4D, loT, ing dung hién trudng va cac thudc tinh tuong thich, lién
théng, an toan thong tin, chi phi (Katebi et al., 2022); t6 chic nhu
cam két lanh dao, nang luc, khuyén khich, hoc héi va quan tri thay
déi (Low et al., 2022; Wang & Zhang, 2025); va Méi trudng nhu yéu
cdu chd dau tu (CPT), quy chuén-tiéu chudn, canh tranh va ap luc
chudi cung ting (Kwasafo et al., 2024; Nguyen et al., 2022; W. Wang
et al., 2024). Theo d6, TOE dugc xem la diéu kién ngoai sinh tao nén
cho LSE va gian ti€p chi phdi két qua CE, dong thdi ma ra kha nang
phan tich vai tro diéu tiét gilta cac boi canh du an (Citybabu &
Yamini, 2025; Evans et al., 2021).

2.2. Nhan dang cac nhan té va thudc tinh tich hgp Lean-TOE
cho thuc hanh CE trén cong truong

DElly gidi khac biét vé két qua Lean gilia cdc du an, can xét ng(t canh
theo khung TOE (Nguyen et al, 2022; Xue et al., 2023). § cp cong trudng,
cdng nghé nhu BIM-4D va ting dung hién truong giup tdng minh bach,
do tin cay ctia ké hoach; t6 chiic quyét dinh cam két Lean thong qua lanh
dao, nang luc va quan tri thay ddi; con méi trudng phan anh ap luc phap
ly, khach hang, canh tranh va chinh sach xanh (Chen et al., 2025). Vi vay,
ti€p can theo chudi Lean — LSE — két qua CE, dong thoi xem TOE la diéu
kién gian ti€p/diéu tiét. Cac thudc tinh do ludng bam vao PPC, ty [é lam
lai, lead time, tich hop BIM/loT va dugc tdng hop &Bang 1.

Bang 1. Cac nhan t6 va thuéc tinh bén trong dugc nhan dang théng qua kham pha cac nghién ciu trude

Nhan té Bi€n quan sat Ma bién Nguén tham khao
S6 hoa gidm sat cdng trudng theo thdi gian thuc TC1 (Akindele et al., 2025)
Niing lic cong Tich hgp cong nghé sO vao quy trinh tinh gon TC2 (Citybabu & Yamini, 2025)
ng.hé Lién théng hé thdng cong nghé cong trudng TC3 (Xue et al., 2023); (Wang et al., 2025)
(TOE - :rC) Chi phi s@ hliu cong nghé phu hqp quy mé cong trudng TC4 (Low et al., 2022); (Yu et al., 2024)
An toan va dd tin cdy nén tang s6 cong trudng TC5 (Khalid et al., 2024); (Kim et al., 2024)
Nang luc trién khai va duy tri hé théng s6 cong trudng TC6 (Kayembe & Obadire, 2025)
Cam két lanh dao va nguén luc Lean-CE tai cong trudng OR1 (Low et al., 2022); (Wang et al., 2025)
Su'sin sang t6 U)! quyén ’quyet dinh choﬂto d]QI ti{l hlﬂenht.ru?ng i OR2 (Xing et fal., 2021)
chiic Ndng luc ap’dung Lean cla can bo/td dQI,COI‘]?g trudng ’ OR3 (Fadeyi, 2021)
(TOE- OR) KPI yé khuyén khich theo PPC, lam lai, chat thai, an toan va chat lugng OR4 (Low et al., 2022)
Phéi hop thiét ké-mua sam-thi cong va chia sé thong tin théng nhat OR5 (Jiang et al., 2021); (Xing et al., 2021)
Quan trj thay d&i khi trién khai s6 hoa va Lean tai cong trudng OR6 (Wang et al., 2025)
Yéu cau clia chi dau tu vé tién do, chi phi, chat lugng kém tiéu chi xanh EP1 (Kwasafo et al., 2024)
Ap luc méi Ap luc canh tranh thic ddy d6i méi cdng trudng EP2 (Bello et al., 2024)
trudng bén Quy chudn, tiéu chuén va chinh sach vé xanh/tuén hoan EP3 (Shi et al., 2024)
ngoai Ap luc x& hoi va truyén théng vé cong trinh xanh, hiéu qua tai nguyén EP4 (Osobajo et al., 2020)
(TOE - EP) Ky vong ngudi st dung vé bén virng va tuan hoan ctia cong trinh EP5 (Wuni & Shen, 2022)
Bi€n dong chubi cung ting va rdi ro vt liéu (gi, thai gian cung Ung) EP6 (Long & Luu, 2025)
Quantridong | Lap sodd dong gid tri cho tiing goi cong viéc chinh VM1 (Kayembe & Obadire, 2025)
gia tri Loai bd c6 hé théng cac budc khdng tao gia tri trong thi cong VM2 (Fadeyi, 2021)
(VM) Chuan hoa cong viéc tao gia tri theo quy trinh thao tac chuin VM3 (Xing et al.,, 2021)
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Ra soat so d6 dong gia tri va cai tién lién tuc dinh ky VM4 (Fadeyi, 2021)
Tich hgp sa d6 dong gia tri véi ké hoach vat tu, nhan luc, hau can VM5 (Jiang et al., 2021)
Chia sé théng tin vai cac bén lién quan d€ phéi hgp, minh bach VM6 (Kayembe & Obadire, 2025)
Kiém tra chat lugng theo tling hang muc/céng tac TQM1 (Zaid et al.,, 2025)
Thuc hanh Stra 16i va ngura tdi 16i sau sai st TQM2 (Walters & Helman, 2020)
TQM trén céng | Theo ddi chét lugng bang sé liéu trén loT, dashboard TQM3 (Zaid et al., 2025)
truong Huan luyén quy trinh kiém tra chat lugng hién trudng (QA/QQC) TQM4 (Chen et al., 2025)
(TQM) Gén kiém tra chat lugng vao giao ban va ké hoach tuan/ngay TQM5 (Xing et al., 2021

)
)

Ghi nhan 16i va x{ ly theo quy trinh chudn, c3i tién lién tuc TQM6 (Zaid et al., 2025
Gidm chd nhd 1ap ké hoach thuc té va can bang khéi lugng céng viéc WR1 (Xing et al., 2021)
Giam lang phi | Dat vat tu dung khéi lugng, gidm du thira va phé liéu WR2 (Marsh et al., 2022)
&hiéguquatai | T6i uu di chuyén ngudi va thiét bj trén cong trudng WR3 (Jiang et al., 2021)
nguyén Tai sir dung va tan trang vat tu, thiét bj tam tai cong trudng WR4 (Shooshtarian et al., 2023)
(WR) Phat hién va stia 16i sém dé gidm lam lai WR5 (Kim et al., 2024)
Duy tri 55 va chuan héa khu vuc lam viéc WR6 (Victar & Waidyasekara, 2024)
Chi phi quan Iy céng trudng trén m? thap LSE1 (Walters & Helman, 2020)
Bién phu Hiéu suat sir dung nhan luc va thiét bj cao LSE2 (Xing et al., 2021)
thuéc: Hiéu luc | Giam sat tai nguyén va chat thai LSE3 (Jiang et al., 2021)
van hanh céng | Gidm xung dét thi cdng va that thoat vat liéu LSE4 (Xing et al., 2021)
truong Lean MUic hai long clia cac bén vé hang muc bén viing LSE5 (C. Wang et al., 2024)
(LSE) Ty |é chat thai chuyén hudng khéi chén 13p (%) LSE6 (Shooshtarian et al., 2023)
Ty 1@ tai st dung va tan trang tai ché (%) LSE7 (Victar & Waidyasekara, 2024)

3.PHUONG PHAP NGHIEN CUU
Nghién ctu dugc thuc hién theo hai giai doan. Giai doan mét
téng quan tai liéu vé Lean, TOE, CE va cac nghién ctiu lién quan
nham xac dinh boi canh, khoang tréng nghién ctu, déng thai nhan
dang so b6 cac nhan té va thudc tinh anh hudng dén thuc hanh
kinh té€ tuan hoan trén céng trudng. Giai doan hai st dung phéng
van Delphi ban cau tric dé sang loc va hiéu chinh cac thuéc tinh
thong qua y kién chuyén gia. Sau moi vong Delphi, dit liéu dugc
danh gia theo quy tdc KAMET, ké thtra tirLong and Luu (2025), gém
ba chi s6: gid tri trung binh M;, d6 léch t phan vi Q4;va chis6 phan
tan V,;. Trong d6, q; la bién thiri, n 1a s6 chuyén gia, x;, 1a diém danh
gia cta chuyén gia thi k, X 1a gia tri trung binh, con Q;va Qslan luot
I3 t& phan vi 25% va 75%.
Mgi = 250y X (1)

qu — (Q3;Q1) ®)

N(y.—_X)2
Vo = (25 )

Mot thudc tinh dugc gitt lai khi Mg; > 3.5, V; < 15%va Qg <
0.5. Cac thuéc tinh chua dat déng thuan dugc diéu chinh hodac tiép
tuc danh gia & vong Delphi ké ti€p. K&t qua cudi cung la b thuéc
tinh dugc chuyén gia déng thuan, lam co s& dé xuat moé hinh khai
niém Lean-TOE cho thuc hanh kinh té tuan hoan trén céng truéng
va phat trién cac gia thuyét nghién ctu.

4.KET QUA NGHIEN CUU

4.1. Pac diém cia cac chuyén gia tham gia phéng van ban
cau tric bang phuong phap Delphi

Nghién ctu st dung Delphi két hgp quy tac KAMET dé dat dong
thuan clia chuyén gia. TU 45 chuyén gia tiém nang, 17 ngudi dong
y tham gia, tuong Ung va&i 37,78%, sau khi dugc thong bao vé muc

dich nghién ctu va nguyén tac bdo mat thong tin. Nhém chuyén
gia co kinh nghiém thuc tién kha viing, tat ca déu c6 trén 10 nam
kinh nghiém thi cong va c6 hiéu biét nhat dinh vé thuc hanh kinh
té tuan hoan trén céng trudng. Vé thanh phan tham gia, nhom
chuyén gia bao gom dai dién nha thau xay dung, cht dau tu, tu van
du &n, tu van giam sat va nha cung cap vat liéu; trong d6 nha thau
xay dung chiém ty I& cao nhat véi 35.29%, ti€p dén la tu van giam
sat vGi 23.53%. VE tham nién, 41.18% chuyén gia c6 10-15 ndm kinh
nghiém, 35.29% c6 15-20 nam va 23.53% c6 hon 20 nam. Vé vi tri
céng tac gém chi huy trudng céng trudng, doi truéng thi cong,
giam doc ban quan ly dy &n, ky su tu van va truéng bo phan vat
tu/mua sdm. Danh tinh chuyén gia dugc &n danh trong toan bd qua
trinh Delphi nham han ché anh hudng thi bac va tang tinh khach
quan gilta cac vong danh gia.

4.2, Két qua cac vong Delphi

Quy trinh phdng van ban cdu trac theo Delphiva quy tac KAMET
nham dat dong thuan clia chuyén gia vé tinh phu hgp/kha thi cda
céac bién trong mo hinh cho boi canh cong trudng Viét Nam. Phan
héi dugc thu thap &n danh; két qué vong trudc chi dugc téng hop
an danh dé chuyén gia xem xét & vong sau. Dua theo cac quy tic
KAMET, vong 1 gilt 31 bién, loai VM6 do Mqi = 3.12, phan anh viéc
chia sé dt liéu dong gia tri v6i nha cung tng/nha thau phu con kho
kha thi. 11 bién dugc chuyén sang vong 2, gitt 05 bién: OR6, TQM4,
WR1, WR5 va TQM2; loai VM1 do Mqi = 2.12, cho thay lap sa d6 dong
gia tri cho ting goi viéc con vugt qua diéu kién d liéu, thai gian va
nang luc cta nhiéu cong trudng. 05 bién con lai chuyén sang vong
3, gilr OR4, VM3, VM4 va VM5; loai TQM3 do Mqi = 3.12, chui yéu vi
han ché vé ha tang di liéu, thiét bi, chi phi va ky luat ghi nhan hién
trudng. K&t qua cudi cung gilr 40 bién, gébm 33 bién doc lap va 7
bién phu thudc; loai 03 bién: VM6, VM1 va TQM3. Chi tiét trinh bay
& Bang 2 va mé hinh dé nghi 6 Hinh 1.

Bang 2. Bang téng hop két qua phéng van chuyén gia st dung phuong phap Delphi qua ba vong

A Delphi vong 1 Delphi vong 2 Delphivong 3 - A TS
Mabién Qi | Va®%) | Mg Qi | Va®) | Ma | Qo | Va®%) Ket qua cudi cing
TC1 4.82 0.00 15% - - - - - -
TC2 412 0.00 11% - - - - - - Chap nhan ma khong can vong 2
TC3 4.06 0.00 6% - - - - - -
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TC4 4.12 0.00 11% - - - - - -
TC5 4,12 0.00 11% - - - - - -
TC6 3.82 0.00 15% - - - - - -
OR1 4.82 0.00 15% - - - - - -
OR2 3.82 0.00 15% - - - - - -
OR3 3.88 0.00 11% - - - - - -
OR5 3.82 0.00 15% - - - - - -
EP1 4.00 0.00 13% - - - - - -
EP2 4.88 0.00 11% - - - - - -
EP3 4.94 0.00 6% - - - - - -
EP4 4,94 0.00 6% - - - - - -
EP5 4.18 0.00 15% - - - - - -
EP6 4.88 0.00 11% - - - - - -
VM2 4.00 0.00 15% - - - - - -
TQM1 4.82 0.00 15% - - - - - -
TQM5 4.82 0.00 15% - - - - - -
TQM6 418 0.00 15% - - - - - -
WR2 4.94 0.00 6% - - - - - -
WR3 4.88 0.00 11% - - - - - -
WR4 4.82 0.00 15% - - - - - -
WR6 4.82 0.00 15% - - - - - -
LSE1 4,18 0.00 15% - - - - - -
LSE2 4.00 0.00 13% - - - - - -
LSE3 4.88 0.00 11% - - - - - -
LSE4 4.00 0.00 13% - - - - - -
LSE5 4.18 0.00 15% - - - - - -
LSE6 4.82 0.00 15% - - - - - -
LSE7 4.00 0.00 13% - - - - - -
VM6 3.12 0.00 11% - - - - - - Loai ma khong can vong 2
OR6 4.29 0.50 22% 4.12 0.00 11% - - -
TQM?2 4.76 0.00 32% 4.88 0.00 11% - - -
TQM4 4.76 0.00 19% 4.82 0.00 15% - - - Chéap nhan ma khéng can vong 3
WR1 4.06 0.00 18% 4.00 0.00 13% - - -
WR5 4.76 0.00 19% 4.82 0.00 15% - - -
VM1 2.24 0.00 19% 2.12 0.00 11% - - - Loai ma khong can vong 3
OR4 4.65 0.50 24% 4.76 0.00 19% 4.82 0.00 15%
VM3 3.76 0.00 19% 3.76 0.00 19% 4.00 0.00 13% Chip nhan ma khang cn vong 4
VM4 3.71 0.50 22% 3.76 0.00 19% 3.82 0.00 15% i
VM5 3.65 0.50 24% 3.71 0.50 22% 3.88 0.00 11%
TQM3 3.47 0.50 26% 3.41 0.50 26% 3.12 0.00 11% Loai ma khong can vong 4
[ Quan tri dong gia tri (Value Stream Management, Vi) :| [ Nang lyc cong nghé (Technology Capability, TC) }
A h
~
Thue hanh TOM trén cbng trudng Ap luc méi trudng bén ngodi
(TQM Practices, TQM) rding | (External Environment Pressure, EP)
Effectiv J
H

I

H
L

Gidm lang phi & higu qua tai nguyén (Waste Raduction
& Resource Efficiency, WR)

Sy sdn sang td chilic
(Organizational Readiness, OR)

o

Hinh 1. M6 hinh nghién ctiu dé nghi

5. THAO LUAN, KHUYEN NGHI

5.1. Thao luan

Két qua Delphi cho thay mé hinh Lean-CE theo khung TOE phu
hgp véi cong trudng Viét Nam vi dua trén cac viéc c6 thé lam ngay:
6n dinh thi cong, gidam chd, 1am lai, kiém soat vat tu va chat lugng.
Sau ba vong, nghién ctu gil lai 33 bién déc 1ap va 7 bién phu thudg;
loai 3 bién chua kha thi 1a VM6, VM1 va TQM3. Cac bién bi loai cho
thady ba di€ém nghén chinh: thi€u niém tin chia sé dir liéu véi nha
cung tng/nha thau phy, thiéu diéu kién duy tri VSM theo tung goi
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viéc, va han ché vé dit liéu, thiét bi, chi phi khi dung dashboard/IoT.
Nhin chung, TOE tao diéu kién nén, con Lean/LSE la co ché van hanh
giup CE di vao thuc té céng trudng.

5.2. Khuyén nghi

Nha thau nén bit dau tir cac viéc: chudn hoéa céng viéc, gidm
lam lai, quan tri vat tu ding khéi lugng, duy tri 55 va kiém soat chat
lugng. Khi van hanh én dinh, cac muc tiéu CE nhu gidam phé liéu, tai
st dung vat tu tam va thu hoi chat thai sé dé dat hon. Cha dau tu va
tu van can 16ng ghép yéu cau CE vao hgp déng va quy trinh phoi
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hop & muic kha thi, d6ng thdi gidm thay déi thiét ké, gidm xung dot
gilfa thiét ké - mua sdm - thi cong dé han ché lam lai. Co quan quan
ly nén ban hanh hudng dan theo 16 trinh, ho trg hé sinh thai thu hoi
- tai ché va khuyén khich do ludng bang céac chi tiéu nhu ty lé
chuyén hudng chat thai, ty 1é tai st dung tai ché.

6. KET LUAN

Nghién ctru da téng quan tai liéu, xdy dung danh muc bién, thuc
hién Delphi va sang loc bang KAMET d€ hoan thién mé hinh khai
niém vai 40 bién va loai bo 3 bién chua kha thi tai Viét Nam.

Dong gép chinh la thiét lap mach TOE - Lean - LSE - két qua CE,
qua dé lam ro vai tro trung gian clia hiéu qua van hanh céng truang.
Vé thuc tién, mé hinh gitip nha thau uu tién 8n dinh thi cdng, gidm
lam lai, quan tri vat tu, kiém soat chat lugng, rdi nang dan s6 hoa.
Han ché Ia Delphi ch yéu phéan anh danh gia kha thi; nghién ctu
tiép theo nén kiém dinh bdng mau I6n va phan tich khac biét theo
quy md nha thau, muc sn sang s6.

L&i cdm on: Nhém tac gia tran trong cdm on Trudng Dai hoc
Mé& Thanh phé H6 Chi Minh da tai trg cho nghién ctu nay. Nghién
ctu 1a sén phdm thudc dé tai cdp ca s& ma s6 T2025.02.2.
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TGM TAT

Bai bao nghién ciru viec dung ma hinh ba lap phang vé trong
kiém soat nai bg (KSNB) tai doanh nghigp xay dung (DNXD).
Trén co si phan tich ly luan va dac tho hoat dang cia DNXD,
nghién ciru [am ré vai tro cda tirng lép phong vé, co ché phdi
hop. nguyén téc ing dung, cac diu kién bao dam trién khai va
k&t qua ky vong khi tng dung ma hinh. K&t qua nghién gap phan
tang cuang nhan dién, kiém soat roi ro va cing cd higu lyc
KSNB, ca y nghia tham khao cho DNXD trong qué trinh céi tién
he thdng KSNR.

Tir khda: Ma hinh ba l&p phong vé; kiém soat ngi ba; doanh nghigp
xay dung.

ABSTRACT

This paper examines the application of the three lines of defense
model in the internal control systems of construction enterprises.
RBased on theoretical analysis and the specific operational
characteristics of construction enterprises, the study clarifies
the role of each line of defense, the coordination mechanisms,
the principles of application, the conditions required for
implementation and the expected outcomes of adopting the model.
The findings contribute to enhancing risk identification and control
while strengthening the effectiveness of internal control systems,
thereby providing a useful reference for construction enterprises
in improving their internal control frameworks.

Keywords: Three lines of defense model; internal contraol;
construction enterprises.

1.DAT VAN DE

DNXD c6 déng gop quan trong trong phat trién két cdu ha
tang, gop phan thic ddy su phat trién cta nén kinh té€ [13]. Theo s
lieu thong ké nam 2025, GDP Viét Nam tang 7,09%, trong d6 khu
vuc cdng nghiép va xay dung tang 8,33%, con nganh Xay dung tang
9,62% [2]. Trong béi canh hién nay, Nha nuéc uu tién dau tu cho ha
tang, nganh Xay dung sé ti€p tuc khéng dinh vi tri Ia déng luc tang
truéng quan trong trong nén kinh té. Vai tro ngay cang Ién nay dat
ra yéu cau cap thiét vé viéc nang cao nang luc va cai tién hoat dong
déi v6i cac DNXD. Tuy nhién, hoat ddng san xuat cia DNXD kha
phuc tap, phan tan theo céng trudng va chiu tac dong cla dia chat,
thdi tiét, vat tu, thiét bi, nhan luc, ky thuat va tién dé hop déng. Dac
thlu nay lam gia tang cac rui ro vé chat lugng thi cong, an toan lao
dong, chi phi, thanh toan, quyét toan, nghia vu hgp déng va tuan
tha phap luat [3, 4, 5, 6]. Néu khong dugc kiém soat hiéu qua, cac
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rdi ro nay sé anh hudng truc tiép dén hiéu qua hoat dong va su phat
trién cla DNXD. Vi vay, tidng cudng hiéu luc KSNB 13 yéu cau tat yéu,
trong d6 moé hinh ba I16p phong vé dugc xem la huéng ti€p can phu
hop dé 1am ré trach nhiém kiém soat, tdng cudng quan tri ri ro va
nang cao tinh khach quan trong danh gia hé théng [5, 10].

2.CO SO LY LUAN VE KSNB VA MO HINH BA LGP PHONG VE

2.1. KSNB va hiéu luc KSNB trong doanh nghiép

KSNB la mot qua trinh do nha quan tri, ban diéu hanh va toan
thé nhan su cling thuc hién nhdm cung cdp su bao dam hgp ly dé
dat dugc cac muc tiéu cta don vi. Ban chat ciia KSNB la hé théng
téng hgp céc yéu t8 nhu méi trudng kiém soat, danh gia rdi ro, hoat
dong kiém soat, thong tin va truyén théng, giam sét [8].

Hiéu lyc ctia KSNB la muic dé hé théng that sy phat huy chic
nang hé trg dat muc tiéu, phong nglra va phat hién rai ro. Mot hé
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thong ¢6 hiéu luc phai dugc van hanh thuc chat, khéng chi ton tai
trén van ban [5, 8]. COSO dua ra ba tiéu chi d€ danh gia tinh hiéu luc
cla KSNB bao gém két qua hoat déng ctia doanh nghiép; do tin cay
clia cac bdo cdo clia doanh nghiép; muic do tuan tha cac quy dinh
cla phap luat va noi quy ctia doanh nghiép [8]. Néu KSNB khong
da hiéu luc, cac rai ro sé kho dugc phat hién kip thdi, dé tich tu, dan
dén gidm nang luc canh tranh [3, 4, 8]. Khi thi€u tach bach ré rang
gitra thuc hién, kiém soat, hé trg va danh gia, hé théng dé rai vao
tinh trang hinh thuc.

2.2. M6 hinh ba I6p phong vé va méi quan hé véi hiéu luc
KSNB

2.2.1. Mé hinh ba Iép phong vé

Theo Vién Ki€ém toan Noi bo (IIA), mé hinh ba I16p phong vé
nhan manh viéc phan dinh vai trd va trach nhiém cda cac chd thé
trong doanh nghiép theo ba cdp d6 khac nhau trong quan tri rti ro
(Hinh 1) [10]. Trong d6, I16p phong vé th nhat bao gém cac don vi
tac nghiép, la tuyén dau truc ti€p tao ra va quan ly rui ro thdng qua
viéc tuan thl quy trinh, tu kiém tra va béo cao kip thdi cac su kién
phat sinh trong hoat déng hang ngay. Lép phong vé thi hai gém
cac bd phan hé trg, hudng dan nghiép vu va giam sat tinh tuan thua,
nham tang kha nang phong nglia cho 16p thi nhat. Lép phong vé
thi ba la bé phan danh gia doc lap vé I6p thi nhat va 16p thi hai,
béo cao truc ti€p cho cap cao nhat [10]. Su két hgp gitia trach nhiém
truc ti€p (I6p tha nhat), giam sat chuyén mén (I6p tha hai) va danh
gia doc 1ap (I6p thu ba) tao nén co ché kiém soat da tang, gilp toi
uu hiéu luc KSNB trong doanh nghiép.
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Hinh 1. M hinh ba I6p phong vé

2.2.2. Méi quan hé gitia mé hinh ba I6p phong vé va hiéu luc KSNB

Xét trén ba tiéu chi danh giad hiéu luc KSNB, mé hinh ba I6p
phong vé c6 méi quan hé truc tiép va tich cuc véi nang cao hiéu
Iyc KSNB trong doanh nghiép [10]. Th nhat, mo hinh ba I6p
phong vé gitip doanh nghiép té chiic trach nhiém kiém soat ngay
tr qua trinh tac nghiép. Lép phong vé thi nhat kiém soét rai ro tai
nguén, gan vai cac hoat ddng nhu thi céng, quan ly vat tu, thiét
bi, ti€n d6 va chi phi. L&p phong vé thi hai ho trg bang quy trinh,
huéng dan, giam sat va cac chét kiém soat chuyén mén. Nha do,
doanh nghiép han ché dugc sai sot, that thoat va gian doan trong
van hanh, tir d6 nang cao hiéu qua hoat déng. Thi hai, mé hinh
nay tao ra co ché ki€ém tra nhiéu cap déi vai dit liéu va thong tin
quan tri. L&p thu nhat chiu trach nhiém ghi nhan théng tin ban
dau; I6p thur hai ra soat, d6i chiéu va giam sat viéc tuan tha quy
trinh bao cdo; I6p th ba dénh gia doc lap chat lugng clia toan
b6 hé théng théng tin va kiém soat. Co ché d6 giup gidm nguy co
sai léch, thi€u sét hodc thién léch trong béo cao, qua dé nang cao
tinh trung thuc va dang tin cay cla thong tin phuc vu quan tri. Thi

ba, mo6 hinh ba I6p phong vé giup Iam r6 ai chju trdch nhiém thuc
hién, ai chju trach nhiém giam sat va ai danh gia doc lap viéc tuan
tha. Nh& su phan dinh nay, doanh nghiép giam tinh trang chong
chéo hodc bo sét trach nhiém, dong thai tang kha nang phat hién
s&m cac vi pham phap luat va quy dinh néi bé. Nhu vay, mo hinh
ba |16p phong vé khéng chi la khuén khé phan céng trach nhiém,
ma con la ca ché gitip doanh nghiép thuc hién t6t hon ca ba tiéu
chi danh gid hiéu luc KSNB theo COSO.

3. PAC THU DNXD VA YEU CAU TANG CUOGNG HIEU LUC
KSNB

San phdm clia cdc DNXD thudng la cac cong trinh ¢6 quy mé
I6n, gid tri dau tu cao, thaoi gian thi cong kéo dai, pham vi thuc hién
rong va lién quan dén nhiéu chl thé nhu ch dau tu, tu van gidm
sat, nha thau phu, nha cung cap va co quan quan ly nha nudc. Qua
trinh san xudt phan tan theo nhiéu cong trudng. Viéc st dung vat
tu, thiét bi, nhan luc va dong tién bién déng theo tiing giai doan thi
c6ng. Chinh vi vay, DNXD luén phdi van hanh trong moi trudng cé
d6 bat dinh cao va ap luc phéi hop l6n.

Nhiing dac thu nay lam cho DNXD d6i mat véi mot phé rai
ro rdng, goém rui ro tién do, rdi ro chat lugng cong trinh, rdi ro that
thodt tai san, rdi ro chi phi va dong tién, rdi ro phap ly hgp déng, rui
ro an toan lao déng va rui ro tuan tha [1, 3, 51. BPac biét, cac rui ro
nay khong ton tai riéng 1é ma thudng tac dong day chuyén: Cham
tién d6 co thé kéo theo tang chi phi, sai Iéch chat lugng c6 thé dan
dén tranh chap hgp déng, con thiéu kiém soat vat tu va thiét bi c6
thé &nh hudng déng thdi dén hiéu qua tai chinh va d6 tin cay cla
bdo cdo.

Xét theo ba tiéu chi danh gia hiéu luc KSNB, cac dac thu trén
dat ra yéu cau kiém soat rat cao ddi véi DNXD. Thit nhat, vé két qua
hoat dong, KSNB phai gitip DNXD stt dung hiéu qua nguén luc, han
ché& cham tién do, doi chi phi, suy gidm chat lugng va tén that tai
san. Thit hai, vé d0 tin cdy clia bdo cao, KSNB phai bao dam thong tin
tUr cOng trudng dén tru sé dugc ghi nhan day du, kip thai va chinh
xac, dac biét doi vai khéi lugng thuc hién, chi phi, vat tu, céng ng
va thanh quyét toan. Thit ba, vé mdc do tuan tha, KSNB phai giup
DNXD chap hanh diang phap luat, diéu khoan hgp déng va quy ché
ndi bd trong toan bd qua trinh thi cong va quan ly du an.

Tuy nhién, cac nghién ctu thuc nghiém truéc day [1, 5,6, 7, 9,
11, 12] cho thay & nhiéu DNXD, co cau té chiic va co ché kiém soat
van chua déap Uing dugc cac yéu cau nay. Ranh gidi giia chiic nang
tac nghiép, chiic nang ho trg - giam sat va chiic néng danh gia doc
lap thi€u ré rang; viéc nhan dién rdi ro con bi déng; cac thi tuc ki€ém
soat dé rai vao tinh trang hinh thic hodc chéng chéo, hoac bo sot.
Vi vdy, tdng cudng hiéu luc KSNB trong DNXD khong thé chi diing &
viéc b8 sung thém quy trinh hay biéu mau ma can thay déi cach t§
chic trach nhiém kiém soat theo hudng ré vai trd, rd tuyén phong
vé, chli ddng nhan dién rdi ro va tdng cudng tinh déc lap trong gidm
sat, danh gia. Tit nhiing doi héi néu trén, viéc nghién ctu va Ung
dung mé hinh ba I&p phong vé trong DNXD tr& nén can thiét nhu
mét gidi phap t6 chic ki€ém soat theo hudng rd trach nhiém, chi
dong phong ngtia rui ro va nang cao hiéu luc KSNB.

4. UNG DUNG MO HINH BA LGP PHONG VE NHAM TANG
CUGNG HIEU LUC KSNB TRONG DNXD

4.1. Nguyén tac iing dung mé hinh ba I16p phong vé trong
DNXD

Viéc ing dung mé hinh ba |6p phong vé trong DNXD can tuan
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th cac nguyén tic co ban dé bado ddm mo hinh dugc van hanh
dung ban chat va phat huy hiéu qua trong thuc tién [10]. Thi nhat,
mo hinh phai phi hgp véi dac thu hoat dong DNXD, gan vaéi cac
quy trinh thuc t& nhu 1ap ké hoach, t8 chic thi céng, quan ly vat tu,
thiét bi, chat lugng, thanh toan va quyét toan, khéng sao chép may
moéc. Thit hai, can phan dinh ré chiic nang va trach nhiém cua tiing
I6p. Thit ba, phai bdo dam su phdi hop chat ché giira cac I16p phong
vé théng qua co ché trao d6i thdng tin, ho trg va phan héi lan nhau.
Thur tu, mé hinh can gan véi quan tri rdi ro, theo dé moi I6p déu
tham gia nhan dién, kiém soat va danh gia rui ro & cap dé6 phu hop.
Thu nam, phai bado dam tinh doc lap trong danh gia, dac biét déi véi
I6p thi ba. Thit sau, viéc trién khai can linh hoat va kha thi, phu hgp
vGi nguén luc va diéu kién cu thé clia tiing DNXD.

4.2. Ung dung I6p phong vé thi nhat trong DNXD

Ung dung 16p phong vé thir nhat trong DNXD thuc chat la dua
KSNB vao ngay qua trinh tac nghiép hang ngay, bién cac bd phan truc
ti€p thuc hién cong viéc thanh chd thé dau tién kiém soat rdi ro. Lop
thi nhat thudng bao gém céc doi thi cong, ban diéu hanh cong trudng
va cac phong, ban tryc ti€p phuc vu thi cdng nhu phong ky thuat thi
cdng, phong vat tu, phong may thiét b, phong ké hoach kinh doanh,
phong ké toan tai chinh va cac bo phan nghiép vu lién quan.

VE ban chat, 16p thi nhat thuc hién déng thai ba nhém trach
nhiém. Th( nhat, tuan tha quy trinh va cac chét kiém soat da ban
hanh, bao gém thuc hién ding thdm quyén phé duyét, dung trinh
tu nghiép vy, dung dinh muc, biéu mau va ché dé bao cdo. Vi du,
ban diéu hanh cong trudng va déi thi cdng phai té chirc thi cong
dung bién phap ky thuat, bdo dam an toan lao déng, st dung vat tu
va thiét bi ding muc dich, ghi nhan khéi lugng trung thuc va bao
cdo kip thai sai léch phat sinh. Phong vat tu phai theo déi nhu cau,
cap phat, st dung va ton kho vat tu theo tling cong trinh, hang muc.

Tha hai, tu kiém tra va tu gidm sat trong qua trinh tac nghiép.
Mé&i bd phan phat hién sém sai sot, bat hgp ly va ddu hiéu bat
thuding trudc khi tré thanh rdi ro 16n. Chdng han, phong ky thuat thi
c6ng khéng chi lap tién do va kiém tra hé so ky thuat ma con phai
giam sat chat lugng, nhan dién nguy cd anh huéng dén ky thuat va
tién do; phong may thiét bi phai kiém soat van hanh, bdo duéng,
sita chira va diéu dong thiét bi an toan, hiéu qua.

Tha ba, cht ddng nhan dién va bao céo ri ro. Pay la diém
thé hién ré vai tro cda I6p phong vé thit nhat trong mé hinh ba 16p
phong vé. Hiéu qua cta I6p nay phu thudc nhiéu vao nang luc va
trach nhiém cda ngudi ding dau cac don vi tac nghiép. Khi I6p tha
nhat van hanh tét, hé thdng KSNB ctia DNXD sé c6 nén tang thuc
chat, tang kha nang phong ngura rui ro ngay tir nguén va giam phu
thudc vao kiém tra sau su viéc.

4.3. Ung dung I6p phong vé thir hai trong DNXD

Trong DNXD, I16p phong vé thi hai ¢é vai tro tao lap va duy tri
khung quan tri nham hé trg I6p phong vé thi nhat van hanh dung
dinh huéng va trong gidi han kiém soat da xac dinh. Lép thu hai
thudng bao gom céc bé phan quan Iy rdi ro, quan ly chat lugng, KSNB,
phdp ché, cdng nghé thong tin va hanh chinh nhan sy. Tuy theo quy
mo DNXD, cac chiic nang nay c6 thé dugc té chuc thanh cac don vi
déc lap hodc b6 tri theo hinh thic kiém nhiém c6 kiém soat.

Trudc hét, 16p thu hai thuc hién chic nang hé trg thong qua
viéc xay dung chinh sach, quy ché, quy trinh va céng cu kiém soat.
B& phan quan ly rdi ro xay dung khung quan tri rdi ro phu hgp véi
dac thu DNXD; bo phan quén ly chat lugng ban hanh tiéu chuan,
huéng dan va quy trinh kiém soét ky thuat; boé phan phap ché ra
soat hgp dong va hé so phap ly; b phan cong nghé théng tin hd
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trg ha tang dt liéu, bdo mat va xtr ly thong tin; bo phan hanh chinh
nhan su bdo dam diéu kién t8 chiic va nhan luc cho hé théng van
hanh én dinh.

Bén canh dé, I16p thu hai gilr chic nang gidm sat tuan tha va
kiém soat quy trinh. B& phan KSNB ¢6 thé kiém tra viéc chdp hanh
quy trinh thanh toan, cap phat vat tu, nghiém thu khéi lugng, quén
ly tai sdn, cdng ng va phé duyét chi phi. B6 phan quan ly chat luong
giam sat viéc tuan tha tiéu chuan ky thuat va hé so nghiém thu,
trong khi bo phan phap ché ra soét tinh hop 1&, hgp phéap cta van
ban va hgp déng trudc khi trién khai. Cac hoat déng nay gidp han
ché tinh trang b6 phan tac nghiép van hanh theo kinh nghiém chu
quan hodc bd qua cac yéu cau kiém soat do &p luc tién do.

Ngoai ra, I6p phong vé thi hai con tham gia nhu mét chét
kiém soat tai cac khau trong y&u nhu phé duyét nha cung cap, ra
soat diéu khodn hgp déng, xac nhan khéi lugng thanh toan hoac
tham dinh hé so du toan. Véi DNXD, I6p thir hai con déng vai tro cau
ndi gilta cdng trudng va tru sG chinh, gitp chuyén tin hiéu rai ro tu
hién truong thanh théng tin quan tri hitu ich. Vi vay, I6p phong vé
thi hai la cdu phan trung gian c6 y nghia chién lugc trong viéc nang
cao hiéu lyc KSNB.

Hinh 2. L6p 2 véi vai trd nhu mot chét kiém soét trong quy trinh cong viéc

4.4. Ung dung I6p phong vé thir ba trong DNXD

Ung dung I6p phong vé thi ba ban chat 1a thiét 1ap 1a bd phan
danh gia doc 1ap 16p tha nhat, 16p thi hai va ho trg cho nha quan tri.
Dai véi DNXD, 16p phong vé thi ba thudng dugc té chiic dudi hinh
thuc ki€m toan noi b, truc thudc Hoi ddng quan tri, HOi dong thanh
vién hodc cap co6 chic nang gidam sat cao nhat. Lp thi ba xem xét
téng thé, doc l1ap dé€ danh gia cac quy trinh, tha tuc kiém soat ¢
dugc thiét ké phu hgp va van hanh hiéu qua hay khéng. Lép thi ba
khong nén truc thudc truc tiép bé may diéu hanh vé mat chuyén
mon; co ché bao cao cla I6p nay can hudng lén cdp quan tri cao
nhat, déng thdi van duy tri kénh phéi hgp vdéi ban diéu hanh dé bao
dam kién nghi dugc thuc thi. Day la diém then chét gitp 16p phong
vé thir ba khéng chi phat hién van dé ma con tao ra ap luc cai tién
6 tinh hé théng.

Trong DNXD, 1&p thd ba tap trung vao cac khu vuc rdi ro cao
nhu quan ly vat tu va thiét bi tai cdng trudng, quan ly chi phi va
thanh toan, nghiém thu khéi lugng, kiém soat hogp déng, tuan tha
phap luat thué va ké toan, quan ly an toan lao déng hodc chat luong
ho so ky thuat. Lop phong vé thir ba dua ra ki€n nghi cai tién va canh
bao lién quan dén viéc thiét k&€ quy trinh kiém soat chi phi, chuan
héa ché d6 bédo cao gilta cong trudng va tru s& chinh, hoan thién
co ché phé duyét hgp dong, tdng cudng giam sat vat tu hoac tng
dung céng nghé thong tin vao quan ly du an va KSNB. Bén canh dé,
I1&6p phong vé thi ba thudng xuyén ra soét tinh phu hop va hiéu qua
cUa hé théng KSNB, gitip nang cao tinh minh bach va dé tin cdy cda
thong tin phuc vu quan tri.

Trén thuc t€, khong phai DNXD nao ciing c6 thé ngay lap tuic
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t6 chiic ddy dd 16p thu ba mot cach chuyén nghiép. Trong diéu kién
dd, DNXD van can xac lap tu duy va co ché danh gia doc lap nhu
mot cdu phan bt budc ctia quan tri hién dai. Vé dai han, 16p phong
vé thi ba chinh la yéu t6 gitip DNXD thoat khéi tinh trang tu danh
gia hinh thic, dong thoi tao nén tang cho viéc nang cao chat lugng
quan tri ndi bd theo chudn muc chuyén nghiép haon.

4.5. Co ché phdi hop giira ba I6p phong vé trong DNXD

Hiéu qua ctia mé hinh ba I6p phong vé phu thudc vao viéc: (1)
Xac dinh ding vai tro cla tiing 16p, (2) thiét 1ap co ché phéi hop gilra
cac 16p. Khi c6 co ché phéi hgp hgp ly, ba [6p phong vé sé tao thanh
mot hé théng kiém soat lién hoan, méi 16p thuc hién dung chic
nang ctia minh va hé trg 1an nhau dé ting cudng hiéu luc KSNB.

'i L o b I

vok ke v i
Hem o kg

(i

[ ]
Tawg v mamh

Hinh 3. Co ché phdi hop giia ba IGp phong vé

L6p thi nhét la nai phat sinh thong tin géc vé hoat déng va rai
ro. D{t liéu vé ti€n do, vat tu, thiét bi, chi phi, chat lugng, an toan thi
céng déu bat dau tir cdng trudng va cac bé phan tac nghiép. Lép
th nhat ghi nhan trung thuc, bao cao kip thoi va phan héi day da
cac van dé phat sinh. Trén co s& d6, I6p th hai ti€p nhan, phan tich
va phén héi théng tin kiém soat. B6 phan quan ly rdiro, quén ly chat
lugng, KSNB, phap ché va cong nghé théng tin phai c6 ca ché lam
viéc tryc ti€p vai tuyén dau, vira hé trg gidi quyét van dé, vira phat
hién cac xu huéng rui ro hoac khi€ém khuyét mang tinh lap lai trong
quy trinh. L&p thi hai hé thdng hoa théng tin tiép nhan tir 16p thia
nhat thanh dt liéu quan tri dé€ cung cap théng tin dau vao cho 16p
thit ba. Lép ba tiép can, phan tich théng tin, hé sa va cac bao cao tur
ca |6p thi nhat va I8p thir hai. Cac két luan va kién nghi ctia I6p thi
ba dugc phan héi lai cho ban diéu hanh va cac bo phan lién quan
theo ca ché rd rang, cé theo déi viéc thuc hién va danh gia muc dé
khéc phuc.

Trong DNXD, c6 ché phéi hgp can dugc thé ché héa bang quy
ché phan cong, quy trinh béo cdo va dau méi thong tin ré rang. Moi
I6p can biét khi nao phai bao cado, bao cao cho ai, trong trudng hgp
nao phai phéi hgp chéo va khi nao can bao cao Ién cdp quan trj cao
han. Dac biét, trong cac tinh hudng ¢6 rai ro 16n nhu cham tién do
nghiém trong, phat hién sai léch chat lugng, tranh chdp hgp déng,
mat an toan lao ddng hodc mat can dai tai chinh, ba I6p phong vé
phai c6 ca ché phdi hgp khan cap, tranh cham tré trong xir ly. Co ché
phdi hgp nay néu dugc van hanh tét sé gitp DNXD kiém soat dugc
rii ro, diéu chinh va hoan thién hé théng KSNB trong dai han

4.6. Diéu kién bao dam va két qua ky vong khi iing dung
mo hinh

Viéc tng dung mé hinh ba I&p phong vé trong DNXD chi phat
huy hiéu qua khi c6 nhiing diéu kién ddm bao nhat dinh. Cu thé: (1)
Hoéi déng quan tri, H6i déng thanh vién va Ban giam déc, cam két
coi trong phat trién KSNB; (2) Hé théng quy dinh, quy ché bdo dam
phan dinh rd trach nhiém gilta bod phan tac nghiép, bé phan hé trg
giam sat va bé phan danh gia déc lap; (3) Bam bao cac nguén luc
chat lugng nhu nhan lyc, cdng nghé théng tin va 16 trinh trién khai
phu hop. Ung dung cdng nghé théng tin la diéu kién quan trong

dé tang hiéu qua phéi hgp gitta ba I6p phong vé. Hé théng dir liéu
dung chung, phan mém quan ly dy &n, bao cao dién td, canh bao
tu déng va luu trir tap trung sé gitp gidm do tré thong tin, tang kha
nang kiém tra chéo va hé trg minh bach héa quy trinh.

Khi dugc trién khai dung huéng, mé hinh phong vé ba I6p
dugc ky vong sé nang cao kha nang nhan dién va canh bao rti ro,
céi thién chat lugng quy trinh nghiép vu va tang tinh minh bach cda
thong tin quan tri. Dong thoi, mé hinh con gop phan giam sai pham,
that thoat, nang cao hiéu qua phéi hgp giltia cong trudng thi cong
va tru s& chinh, tang trach nhiém cta ngudi lao dong, gop phan
tdng cudng hiéu luc KSNB. VE dai han, day la nén tdng quan trong dé
DNXD nang cao uy tin, nang luc canh tranh va phat trién bén viing.

5. KET LUAN

Trén co s& phan tich ly luan va gén véi dac thu ctia DNXD, bai
bao da lam r6 mé hinh ba I6p phong vé 1a mét khung té chic phu
hgp gop phan tang cudng hiéu lyc KSNB. Tuy nhién, hiéu qua cta
mé hinh khéng chi phu thudc don thuan & viéc thay déi so d6 té
chiic, ma gan chat vaéi cac diéu kién bado dam thuc hién khac va 16
trinh trién khai. D& ti€p tuc phat trién két qua nghién ctiu nay, c6 thé
ma& rong theo hudng khao sat thuc tién DNXD nham lugng hoa téac
doéng clia ting 16p phong vé déi véi hiéu luc KSNB.
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TGM TAT

Phrong phap tré lrong theo ma hinh 8P (Position - Person -
Performance) dugc nhiéu doanh nghigp hién dai ap dung nham
x@y dyng hé théing dai ngd cong bang, minh bach va gén k&t ngui
lao dong. Tuy nhién, trong bdi canh cac doanh nghigp xay dung
vira va nha tai Viet Nam - noi dac trung bai quy mé han ché,
ngudn lwc tai chinh va nhan sy con y&u thi viéc trign khai ma hinh
nay gap nhiéu thach thirc. Bai bao tap trung phan tich kha nang
van dung phurong phap tré lreng 3P trong cac doanh nghigp xay
dung vira va nha tai Viet Nam, chi ra nhirng i ich, kha khan va dé
xudt gidi phap phu hop vai diéu kien thec té. Bai bao ciing dé xuft
cdc tidu chi tinh lrong cho ki sr xay dung theo ma hinh lrong 3P,
Tir khéa: Lreng 3P; cong ty xay dung; ki su.

ABSTRACT

The 3P (Position - Person - Performance) compensation model is
widely adopted by modern businesses to build a fair, transparent,
and engaging compensation system for employees. However, in
the context of small and medium-sized construction enterprises
in Vietnam - characterized by limited scale, financial resources,
and human resources - implementing this model faces many
challenges. This article focuses on analyzing the applicability
of the 3P compensation method in small and medium-sized
construction enterprises in Vietnam, highlighting its benefits,
difficulties and proposing solutions suitable to the actual
conditions. This article also proposes a salary calculation table
for construction engineers using the 3P compensation model.

Keywords: 3P salary system; construction company; engineer.

1.DAT VAN PE

Tai cac doanh nghiép thiét ké va thi céng xay dung nha &riéng
[& thi céng viéc theo tinh chat du én, mang tinh da chuyén mén va
dac biét 1a phu thudc vao yéu té con ngudi. Tai cac doanh nghiép
nay trong giai doan hién nay, do dac thu céng viéc nén thudng
xuyén cé su bién déng nhan su & cac bé phan khac nhau, déi nga
thg lao dong truc ti€p thi mang tinh thoi vu va chua qua dao tao bai
ban nén két qua san xuat kinh doanh sé thiéu tinh én dinh.

Trong b&i canh thi trudng lao déng ngay cang canh tranh, viéc
xay dung mét chinh sach luong thudng hop ly, minh bach va gan
VvGi hiéu qua cong viéc la yéu té séng con déi vai cac doanh nghiép
noi chung va ddc biét la doanh nghiép thiét ké va thi cong xdy dung
nha & riéng & dé c6 tuyén dung va phat huy cac nhan su chat lugng
cao, qua d6 c6 thé nang cao hiéu qua san xuét kinh doanh [1, 2, 3,
4]. M6 hinh tra luong 3P (Position - Person - Performance) [5] dugc
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xem la giadi phap hién dai nham tang hiéu qua quan ly nhan sy, thic
d&y nang suat lao déng va gitt chan nhan tai.

2.TONG QUAN TRA LUONG TAI DOANH NGHIEP XAY DUNG
VA PHUONG PHAP TRA LUONG 3P

2.1. Cac thuc tinh luong ctia cac doanh nghiép xay dung
dan dung nhé va vira

Do quy mé céc cong ty va sy dau tu han ché cho cong tac
quan tri nén hién nay cach thiic danh gia luong hién nay cia doanh
nghiép xay dung nhé va viia van chd yéu dya theo theo vi tri chic
danh va kinh nghiém (cdm tinh theo tham nién) hoac trd luong
khoan theo khai lugng cong viéc hodc giai doan thi céng.

Viéc khéng cé khung nang luc hodc tiéu chi dinh lugng, nén
viéc tang luong - thudng thudng cam tinh, dé gay tranh cai va
khong tao ra dong luc lam viéc cho nhan su. Thyc té, hién nay cac
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doanh nghiép thudng chua c6 phan mém quan ly nhan su - luong
(HRM), hau hét quan ly luong bang Excel, s6 sach tha céng, dé sai
s6t, thiéu minh bach va thiéu cong cu dé theo d6i ndng suat lao
dong, thai gian lam viéc, hiéu qua thuc té.

2.2. Khai niém vé phuong phap tra luong 3P

Hé thong chi tra luong theo phuang phap 3P la hé théng dugc
giGi thiéu bai Mercer nam 2005 [5]. Phuong phap 3P nham thiét lap
hé théng chi tra dua trén viéc danh gia vi tri cdng viéc, nang luc ca
nhan dé thuc hién cong viéc ctia nhan vién ciing nhu hiéu qua lam
viéc clia nhan vién dé tao ra su cong bang, khuyén khich tao déng
luc cho nhan vién nang cao ndng luc, hiéu qua lam viéc dong gop
vao su phat trién ctia doanh nghiép. Hé théng chi trd 3P la trung tam
tao dong luc, giup doanh nghiép ddm bao dat muc tiéu kinh doanh
va duy tri cdc hoat ddng quan tri nhan su. Phuang phép tra luong 3P
nay dya trén 3 yéu t6 chinh theo Bang 1.

Bang 1. Ba yéu t6 chinh cau thanh luong 3P

3P Giai thich

Tra luong dua trén gia tri cong viéc, miic d6 phc tap,
trach nhiém, anh hudng va vai tro trong doanh nghiép clia

P1 - Position | ngudi ddm nhan vi tri do.

(Vi tricong

viéc) Vi du: Ky su giam sat cong trinh ¢ muic luong co ban cao
hon nhan vién bao tri vi yéu cau cao hon vé chuyén mon
va trach nhiém.

P2 - Person Tra luong theo trinh d6 chuyén mén, kinh nghiém thuc

(Nang luc ca | tién, k§ nang nghé nghiép, phdm chat thai 46 ca nhan cla

nhan) ngudi dam nhan vi tri dé.

P3- Tra luang theo két qué thuc hién céng viéc. C6 thé du

Performance |vao két qua dinh lugng (tién do, chat lugng, doanh s6...)
(Hiéu qua hodc két qué dinh tinh (sang tao, phdi hgp, tuan thu quy
cong viéc) trinh...).

2.3. Lai ich khi ap dung mé hinh 3P trong doanh nghiép
xay dung viia va nho

M6 hinh luong 3P sé tao ra nhiing Igi ich khac nhau trong
doanh nghiép xay dung vlia va nho tai Viét Nam:

Tdng tinh c6ng béng va minh bach trong tra luong: Mé hinh 3P
giup xac dinh luong dua trén gia tri cong viéc (P1), nang luc cd nhan
(P2) va hiéu qua cong viéc (P3), han ché tinh trang “cao bang” hodc
tra luong cdm tinh. Nhan vién hiéu ré ly do vi sao minh dugc nhan
muc luang hién tai, tir d6 tao ra su tin tuédng vao hé thédng quan tri
nhan su.

Tao déng luc lam viéc va ndng cao hiéu sudt: Viéc tra luong gan
vGi hiéu sudt lam viéc (P3) thac ddy ngudi lao dong chd dong cai
thién nang suat, chat lugng cong viéc. Luong 3P khuyén khich nhan
vién nang cao ky nang chuyén mon, thai do lam viéc dé duoc ghi
nhan vé mat thu nhap.

Gdn két muc tiéu cd nhdn véi muc tiéu doanh nghiép: M6 hinh
3P gitp do ludng va thudng cho hiéu qué céng viéc gan vai KPls
va muc tiéu cu thé clia du én, tao ra sy déng thuan gilta ca nhan va
doanh nghiép. Dac biét trong nganh Xay dung - nai tién dé va chat
lugng c6ng trinh 1a y&u t6 s6ng con, mé hinh nay gidp kiém soat t6t
hon hiéu qua thuc hién duy an.

Thu hat va gitr chén nhan su chdt lugng: Chinh sach luong ré
rang, cong bang gitp tao dung thuong hiéu nha tuyén dung uy tin
trong nganh Xay dung. Ngudi lao déng cadm thady cé 16 trinh phat
trién thu nhap rd rang, ti d6 giam ty 1& nghi viéc, dac biét la & cac vi
tri k¥ su, d6i truéng cong trinh, giam sat...

2.4. Thach thuc khi trién khai mé hinh 3P

Duéi day la nhing théach thiic chinh khi trién khai mé hinh
luong 3P tai cdc doanh nghiép xay dung nha & riéng |é dan dung -
mot phan khuc ddc thu trong nganh Xay dung:

Tinh chdt cong viéc phdn tdn, khé do ludng hiéu qua: Méi cong
trinh nha & riéng I1é thudng nho, thai gian thi cdng ngén, cdng viéc
da dang, nhan su bién dong lién tuc. Viéc danh gia hiéu suat (P3 -
Performance) tr& nén cht quan va cdm tinh.

Han ché vé céng nghé va céng cu quan ly: Nhiéu doanh nghiép
van quan ly lueng thd cdng bang excel hodc s6 sach, gay kho khan
trong viéc thong ké hiéu qua, theo déi nang suat lao dong.

Tam ly e ngai thay déi tir cht doanh nghiép va ngudi lao déng:
Nhiéu cht doanh nghiép xay dung dan dung chua quen véi mo
hinh quan tri hién dai, thudng thich “don gian, nhanh, dé trién khai".
Ngugi lao dong ngai viéc bi theo déi, danh gia, kiém soat theo hiéu
sudt, dac biét néu ho quen vai phuong thic tra luong khoan theo
ngay/tuan.

Du m6 hinh luong 3P c6 nhiéu Igi ich, nhung trong béi canh
cac doanh nghiép xay dung nha & dan dung - quy mé nhd, nhan sy
chét lugng chua cao, céng trinh phan tan thi viéc trién khai can su
linh hoat, tiing budc, don gidan héa mo hinh va tap trung vao nhiing
yéu t6 c6 thé kiém soat dugc.

3. TRIEN KHAI TRA LUONG 3P TRONG DOANH NGHIEP XAY
DUNG DAN DUNG NHO VA VUA

Dugi day la phan tich chi tiét vé khai niém va quy trinh danh
gia cac yéu t6 chinh cau thanh luong 3P:

3.1.Panh gia vi tri cong viéc (Position) - P1

Position (vi tri cdng viéc) la mic d6 quan trong, trach nhiém
va yéu cau clia mot vi tri trong t6 chic. Cac doanh nghiép xay dung
dan dung nhé va vira thudng st dung mét sé tiéu chi sau dé phan
tich va danh gia vi tri cdng viéc theo Bang 2.

Bang 2. Cac tiéu chi chinh d€ danh gia vi tri cdng viéc trong
luong 3P

Tiéu chi Mb ta

Trach nhiém quan ly, ra quyét dinh, chiu trach

Muc d6 trach nhiém DR
nhiém két qua

Muc do kho khan, tinh chat ky thuat, yéu cau

Do phc tap cong viéc chuyén mén

Anh hudng chia vi tri d@én hoat déng chung clia

Muic d6 dnh hudng cbng ty

Ky nang, kién thc, trinh do can thiét dé hoan

Kha ndng yéu cau thanh céng viéc

Diéu kién lam viéc Méi trudng, ap luc cdng viég, rui ro lién quan

S8 lugng nhan vién quan ly, pham vi tac dong

Pham vi céng viéc N ix
cdng viéc

3.2. Panh gia nang luc ca nhan (Person) - P2

Person trong 3P dé cap dén viéc danh gia cac yéu t6 ca nhan
nhu ky ndng, trinh do, kinh nghiém, thai dé lam viéc va nang luc
chuyén mén clia méi nhan vién. Muc tiéu la xac dinh muc do déng
gdp clia ca nhan dua trén kha nang thuc té€, khong chi dua vao vi
tri cong viéc hay thdai gian lam viéc. Cac tiéu chi danh gid nang luc
ca nhan trong doanh nghiép xay dung dan dung nhé va via theo
Bang 3.
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Bang 3. Cac tiéu chi chinh dé danh gia nang luc ca nhan trong Bang 4. Cac tiéu chi chinh dé danh gia hiéu suét cong viéc
luong 3P trong luong 3P
Tiéu chi M6 ta Tiéu chi hiéu suat M6 ta
Ky nang chuyén | Trinh d6 chuyén mén, ky thuét, nghiép vu phu hgp Tién do thi cong Hoan thanh céng viéc dling hodc vuot tién do dé ra
moén véi vi tri
Kinh nghiém 1am | S6 nam lam viéc, kinh nghiém thuc tién, du an da Chét lugng cong D’ém bao tiéu chudn ky thuat, khéng c6 16i, sai sét
viéc tham gia trinh I6n
Hiéu qua cong viéc Egggnjiré‘g hoan thanh nhiém vy, dat dugc muc tiéu An toan lao dong Tuan thi quy dinh an toan, khéng dé xay ra tai nan
Khé nang hoc héi I?nhgthén hoc hoi, tiép thu kién thic va cai tién ky T6i uu chi phi Quan ly hiéu qua nguyén vat liéu, gidm lang phi
Thaidovatinh |y o1t trach nhiém, hop tac trong nhém Phan héi khéch hang | P4nh 9id t khach hang vé théi d6 va chat luong

than lam viéc

phuc vu

Kha nang gidi ) e U Tinh thén lam viec e

ggyet van Nang luc x( ly tinh huéng, dua ra gidi phap hiéu qua nhém "~ | Hop tac va ho trg dong nghiép trong cong viéc
3.3.Danh gia hiéu suat cong viéc (Performance) - P3 4.Vi DU MO HINH LUONG 3P TRONG DOANH NGHIEP XAY
Performance 1a viéc do ludng, danh gia muc d6 hoan thanh DUNG DAN DUNG NHO VA VUA CHO KY SU

nhiém vu v6i muc dich dé xac dinh muic dé6 dong gép thuc té cla Trén cd s& nghién cuu ly thuyét luong 3P, tac gia dé xuat bang

nhan vién so véi yéu cau cong viéc va ky vong clia doanh nghiép. luong 3P cho cac ki su giam sat cong trinh xdy dung cllia mét cong

Cac tiéu chi danh gia hiéu suat cong viéc trong doanh nghiép xay ty xay dung dan dung quy mé vura va nhé theo thang trong Bang 5.
dung dan dung nhé va viia thé hién trong Bang 4.

Bang 5. Céc tiéu chi danh gid tinh luong cltia k¥ su gidm sat theo luang 3P

TT Tiéu chi/Miéu ta chi tiét Cac cap dé Trong sé
I Lucng P1 - luong theo vi tri chiic danh céng viéc (theo miic d6 phuic tap (gia tri) ctia cong viéc/cong trinh ma nhan su dam

nhan trong thang)
Muic d6 phuic tap ctia cdng viéc doi hdi trinh dé va kinh nghiém cta ky su

11
Dinh nghia: Dé cdp dén luong kién thuc va hiéu biét vé chuyén mén clia cong viéc khi mét ngudi ldn dau déam nhiém céng viéc nay.
Cong viéc nay doi hdi nhan sy c6 kinh nghiém dudi 36 thang trong nghé xay dung dan dung 1 40
Cong viéc nay doi hoi nhan vién phai ¢ kinh nghiém tir 3 ndm dén 5 nam trong nghé xay dung 2 40
dan dung
Cong viéc nay doi hoi nhan vién phai trinh d6 cao hoac kinh nghiém tuong duong ti 5 nam tré lén 4 40
Yéu cau céng viéc doi hoi su nd luc vé thé chat va tinh than

22 Binh nghia: Do ludng nhing yéu cdu vé thé chdt, quan sdt va tnh thdn cta céng viéc. Nhiing yéu cdu ndy cdn duoc ddnh gid trén cdc
madt: Tan sudt, thoi gian va mic do ndng nhoc.
Ky su lam viéc trong diéu kién thodi mai vé tinh than, mic d6 tiéu hao néng lugng binh thudng 1 25
Ky su lam viéc can nhiing né luc thé chat rat nhiéu mang vac, thic dém, ting ca sém téi 3 25
Yéu cau ciia cdng viéc vé ky ndng giao tiép va cac kj nang mém

33 Dinh nghia: Do ludng yéu cdu cua cbng viéc déi véi muc do thudng xuyén va trinh dé giao tiép véi ngudi khdc va kha néng thuyét
phuc ngudi khdc dé thanh céng trong cdc giao dich.
Tat ca cac cudc tiép xuc, giao ti€p déu mang ban chat thudng ngay, ky su khéng phai la ngudi phai 1 15
khéi dau cac cudc giao tiép, ti€p xuc
Muc dich clia cac cudc tiép xuc, giao ti€p la dé danh gia, bdo vé, thuong lugng hodc dan xép cac 3 15
van dé con ngudi, ky thuat hodc cac van dé quan trong hodc gay tranh cai
Mutc dd nguy co va hau qua ciia viéc méc sai sét clia cdng viéc

a4
Dinh nghia: Do luong hdu qua cia méi sai sét i vai hoat ddng ndi bé cua céng ty hodc d6i véi khdch hang cua céng ty.
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Cong viéc co rat it kha nang mac sai lam. T4t ca cong viéc dugc kiém tra ngay lap tuc. Chi phi cda

viéc stra sai khong dang ké vé mit tién bac hodc c6 thé stra lai nhanh chéng ! 20
Cong viéc thuong xuyén cé kha ndng gay ra sai sét va thuong kho phét hién dugc trong mot thoi 3 20
gian ngan. Sai sot nay c6 thé lam anh hudng dén hiéu qua kinh doanh va uy tin clia cong ty

Téng cong 100

Luong P2 - luong theo nang luc ca nhan nhan vién (thé hién véi cac cong trinh dang giam sat hay céng viéc dugc giao

trong thang)
Muic dd chuyén can

55
Binh nghia: Dam bdo thai gian lam viéc theo diing ndi quy céng ty va phong thi céng dé khdng dnh hudéng dén hiéu quéd céng viéc.
Ty I& chuyén can dudi 85% (nghi nhiéu hon 3 ngay trong thang) 0 20
Ty |é chuyén can trén 85% (nghi 3 ngay) 1 20
Ty I& chuyén can dat trén 90% (chi nghi 2 ngay) 3 20
Ty I& chuyén can dat trén 95% (chi nghi 1 ngay) 4 20
Tuan tha quy trinh céng viéc da ban hanh, dac biét chia trong dén viéc kiém soat va bao cao méi cong viéc theo checklist
da ban hanh

66
Binh nghia: Ddnh gid viéc thuc hién ding cdc quy trinh thuc hién cong viéc
Nam bat nhung khéng thuc ding quy trinh da dat ra. Vi du: Khéong bao cao cong viéc theo ngay 2 30
theo form mau, khéng viét nhat ky thi cong, khéng kiém tra céng viéc theo checklist...
Thuic hién ding quy trinh vé cong tac ting dung checklist/hudng dan va bao cao lai sau khi kiém tra 5 30
hang muc bang checklist nghiém tuc; khéong cé bat ky sai sét vé mat quy trinh nao trong thang.
Thuc hién ding quy trinh va cé cac phan héi dé cai tién quy trinh cho moi bd phan va cho moi
c6ng viéc; c6 dé xuat bé sung thém cac quy trinh cong viéc khac hodc cé cac dé xuat sang kién dé 4 30
hiéu qua cong viéc clia ca nhan, bd phan va céng ty cé thé duoc cai thién.
Tuan tha quy dinh vé bao céo cong viéc va giao tiép

77 Dinh nghia: Ddnh gid viéc thuc hién ding cdc quy dinh vé bdo cdo cdng viéc, giao tiép, tuong tdc ndi bé va tuong tdc voi COT va cdc
bén lién quan.
Béo cdo trén nhém zalo cong viéc nhung bao cao thiéu lugt, bdo cdo mudn gid va bao cao thiéu
hodc sai thong tin hodc sai format, sai chinh ta hodc khong biét bao céo kip thai cac cong viéc cap 0 10
bach can bao cao ngay
Bdo cdo trén nhom zalo cong viéc day dua, dung gid, da théng tin, dung format, ddng chinh ta va 5 10
bao cdo kip thoi cac cong viéc cap bach
Thuc hién dung theo cac quy dinh vé ghi chép bién ban, bao cao cong viéc hang ngay, bao cao
cong viéc dinh ky 4 10
Biét d6i dap khéo léo véi CBT, thudng truc tra I6i CDT vé tin nhan va dién thoai
Lap tién d6 va cap nhat tién dé thi cong

88
Dinh nghia: Do ludng ndng luc ctia nhdn su trong viéc Idp tién dé thi cong chinh xdc, chd déng cdp nhat tién dé theo ndi quy.
Chi lap dugc tién do thi cong co ban theo thai gian dang béc thudc, thi€u su chdc chan va co s&
nhung van dam bao tinh logic vé trinh tu thai gian va chua cht ddng cap nhat ti€én do thi céng 1 15
14 ngay mét lan
C6 kha nang lap mot tién do thi cong va chi ddng cap nhat tién do thi cong chi tiét 14 ngay mot 3 15
lan véi day du cac nhiém vu can thiét, thai gian va tai nguyén, nguén nhan lyc, ngan sach chi phi
Thai dé trach nhiém - tam huyét - quyét liét

29

Dinh nghia: Do ludng tinh thdn thdi do ctia nhan sy dbi véi céng viéc duoc giao, théng qua cd suy nghi, 1di néi va hanh déng dut

khodt, khéng ngai khé khéin d@é dat muc tiéu céng viéc.
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Tinh than thai d6 hdi hat, tron vai, can BGD va lanh dao bd phan phai thudng xuyén trao déi, nhac 0 15
nha, hé trg, déc thuc
Tich cuc thuc hién cac cong viéc dugc giao vdi tinh than trach nhiém cao va sén sang hé trg ngudi 5 15
khac trong cong viéc
Chu déng nhan viéc, lam viéc chat luong, sdng tao giai phap va kién tri dén cung; tan tam, tan luc 4 15
hoan thanh céng viéc, muc tiéu dugc giao dung thai han
Tham nién lam viéc lién tuc trong cdng ty hoac trong hé sinh thai ctia cong ty
110
Pinh nghia: Do ludng sy gdn bd, niém tin va tinh yéu cia nhén sy’ vdi céng ty.
Duéi 18 thang ké tir ngay ky hgp déng lao déng chinh thiic 0 10
Tu 18 thang dén 30 thang 2 10
T 30 thang dén 48 thang 3 10
Trén 48 thang 4 10
Téng cong 100
Luong P3 - luong theo thanh tich, két qua céng viéc
Doanh thu tién vé tu thi cong trong thang
m Dinh nghia: Tiéu chi nay do ludng gid tri nghiém thu, thanh quyét todn céng trinh clia chd dau tu tur cdc cdng trinh ma ky su dang
gidm sdt chinh truc tiép hodic cdc céng trinh ma ky su phu trdch céng tdc béo hanh bdo tri
Gia tri doanh thu dudi 500 triéu 0 25
Gia tri doanh thu t&r 500 triéu dén 1 ti dong 1 25
Gia tri doanh thu tir 1 ti d@én 1,5 ti déng 3 25
Gia tri doanh thu trén 1,5 ti déng 5 25
S8 lugng cong trinh dam nhan giam sat
112 Pinh nghia: Tiéu chi nay dé cdp dén sé lugng céng trinh ma ky su ding gidm st truc tiép. Cong trinh & cdch tru sé céng ty trén 40 km
thi dugc coi la tuong duong 2 céng trinh.
Khéng diing chinh & cong trinh nao (do chua dt nang luc hodc suic khoe...) 0 20
Bung chinh & 1 céng trinh 1 20
Duing chinh & 1 cong trinh va hd trg mot cdng trinh khac 2 20
Bung chinh & 2 c6ng trinh 4 20
Tién dé thi cong
13 Dinh nghia: Tiéu chi nay dé cdp dén tién dé thi céng cdc cong trinh khi so sdnh véi tién dé thi céng ban ddu hay tién do thi cé6ng cdp
nhdt theo ky déa duoc phé duyét.
Cong trinh dugc giao giam sét chinh cé tién do thi cdng cham hon so vai ké hoach theo ky > 3 ngay 1 15
Cong trinh dugc giao giam sat chinh c6 tién do thi cdng dat dung tién dé da dat ra theo ky 2 15
Cong trinh dugc giao gidm sét chinh ¢6 tién dé thi cdng nhanh so véi ké hoach theo ky > 3 ngay 3 15
Téc d6 nghiém thu dé€ phuc vu tam ting theo giai doan va quyét toan céng trinh/tdc dd hoan thanh hé so khéi lugng va
quyét toan céng trinh
114
Binh nghia: Tiéu chi nay do ludng miic do trdch nhiém, rdo riét trong viéc ky cdc bién ban nghiém thu thanh phdn va nghiém thu téng
thé dé cdc bo phan néi nghiép ciing ky su c6 thé dé nghi tam ting hodic quyét todn.
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Nghiém thu phan doan vé chat lugng va khéi luong véi ch dau tu nhung tré qué 7 ngay ké tur khi
hoan thanh hang muc céng viéc/hoan thanh hé so khéi lugng va thuc hién xong cong tac quyét -2
toan vdi cht dau tu nhung tré qua 15 ngay ké tur khi hoan thanh cong viéc 15
Nghiém thu phan doan vé chat lugng va khéi lugng véi chli dau tu nhung tré qué 3 ngay ké tur khi
hoan thanh hang muc céng viéc/hoan thanh hé so khéi lugng va thuc hién xong céng tac quyét 2 15
toan véi chi dau tu nhung tré qua 7 ngay ké tir khi hoan thanh céng viéc
Nghiém thu phan doan vé chat lugng va khéi lugng véi chd dau tu dung tién dé dat ra/hoan
thanh hé so khéi lugng va thuc hién xong cong tac quyét toan véi cha dau tu khéng qua 7 ngay 5 15
ké tur khi hoan thanh céng viéc
Sai sét trong cong viéc
115
Pinh nghia: Tiéu chi nay théng ké va do ludng cdc sai sét trong cong viéc. Sai sét ndy ¢6 thé la thuéc vé moi mdt clia cbng tdc thi cong.
C6 1 sai s6t va gay ra dnh hudng xau vé mit thuong hiéu hodc tén hai vé tai chinh cho cong ty -4 15
C6 1 sai sét nhung khéng gay ra anh hudng vé thuong hiéu va tén hai tai chinh dang ké cho cong ty 2 15
Khoéng gay ra bat ky sai s6t nao dang ké nao 4 15
Muic d6 hai long ctia CDT va dai dién CDT
116 Dinh nghia: Tiéu chi nay do ludng muc dé hai long cda chud dau tu va cdc bén lién quan dén cha dau tu dén viéc thuc hién céng viéc
cua ky su.
Chu dau tu byc tic va phan nan, c6 y kién vé chat lugng cdng viéc trén nhém chung hodc théng
qua cac tin nhan vai cap trén & cong ty. Cha dau tu yéu cau phai thay thé nhan sy hoac yéu cau ] 10
nhan su khac dén dé tang cusng
Chu dau tu phan nan va co y kién vé chat lugng céng viéc trén nhom chung hodc théng qua cac 3 10
tin nhan vai cdp trén & cong ty
Chu dau tu hoan toan khong cé y kién gi vé ky su 1 10
ChU dau tu danh 16i khen nggi ky su, c6 mét cai nhin thién cdm vé cong ty, hiéu chinh xac vé cong
ty nhung chua hodc khéng tiép tuc ky hop déng thi cong ti€p theo hodc chua c6 co hoi dé gidi 3 10
thiéu khach hang trong giai doan nay
Chu dau tu danh 16i khen ngoi ky su va tap thé cong ty, c6 mét cai nhin thién cdm vé cong ty, hiéu 5 10
chinh xéac vé cong ty va ti€p tuc ky hop déng thi cong ti€p theo Ién hodc gidi thiéu khach hang
Téng cong 100
5.KET LUAN [2] EMTafese, DG Mengistu. Labor productivity management practice in construction

Hé théng luong 3P la mdt mé hinh quan tri tién luong hiéu
qud, phu hop véi dic diém cta doanh nghiép xay dung. Viéc ap
dung mo6 hinh nay gitip doanh nghiép nang cao tinh cong bang
trong tra luong, cai thién hiéu suat lam viéc va tang kha nang thu
hut nhan luc chat lugng cao. Tuy nhién, méac du da dugc ap dung &
mot sé doanh nghiép nganh nghé khac nhung tai cac doanh nghiép
xdy dung thi phuong phap 3P van con kha mdi la, chua dugc phd
bién. Tur viéc nghién ctiu co s& ly ludn, ti thuc tién cong tac quan
ly doanh nghiép xay dung, qua qua trinh phan tich, tac gia da giéi
thiéu cach xay dung hé théng tra luong 3P d6i véi doanh nghiép
xay dung dan dung nho va vua. Viéc 4p dung chinh sach luong 3P
sé& g6p phan vao su phat trién bén viing ctia mbi doanh nghiép noi
riéng cling nhu su phat trién theo hudng hién dai ciia nganh Xay
dung Viét Nam noi chung.
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Anh huéng cta cac yéu té dén chuyén déi sé
trong doanh nghiép xay dung trén dia ban

TP H6 Chi Minh

Factors influencing digital transformation in construction enterprises in Ho Chi Minh City

> TS LE TRONG TUNG", NGUYEN VAN HOAI, NGUYEN NGOC NGHIA NGHIA, TRINH VU CAM QUYNH

Trudng Pai hoc Giao théng van tai
“Email: tunglt_ph@utc.edu.vn

TGM TAT

Chuyén ddi sd dang |a xu the tat y&u cia cac doanh nghigp xay
duyng (DNXD) trong bdi cénh cia cugc cach mang cong nghigp
4.00. Bai bao nham nhan dién va danh gia su anh huéng coa céc
yeu td dén chuyén ddi sd coa cac DNXD trén dia ban TRHCM. Kt
qua nghién ciu da chi ra: Hieu qua ky vong (PE). nd liyc ky vang
(EE). anh huang xa hai (S1) va diéu kign thuan i (FC) co mdi quan
hé thuan chiéu va anh heéng dén y dinh tng dung chuyén ddi sd
(Al) coa cac DNXD tai TPHCM. Nghién ciru cung cép cac thang tin
quan trong cé vé phuong dién khoa hoc va thuc tién cho céc co
quan quén Iy nha neac va cac DNXD trong viec dé ra cac gidi phap
nhdm ddy manh viéc trién khai irng dung chuyén dai sd.

Tir khda: Chuyén ddi sd; ma hinh &nh huéng; ly thuy&t chap nhan
va sir dung cang nghe; doanh nghiép xay dung.

ABSTRACT

Digital transformation has become an inevitable trend for
construction enterprises in the context of the Fourth Industrial
Revolution. This study aims to identify and evaluate the factors
influencing digital transformation among construction firms in Ho
Chi Minh City. The findings indicate that: Performance expectancy
(PE), effort expectancy (EE), social influence (SI) and facilitating
conditions (FC) all exhibit positive relationships and significantly
affect the intention to adopt digital transformation in construction
enterprises in Ho Chi Minh City. The study provides important
insights from both theoretical and practical perspectives for
policymakers and construction firms in formulating strategies to
promote the implementation of digital transformation.
Keywaords: Digital transformation; influence model; unified theory
of acceptance and use of technology; construction enterprises.

1. DAT VAN PE

Trong nhiing ndm gan day, chuyén ddi s6 da néi 1én nhu mat
gidi phap quan trong thic ddy su d8i mai va kha ning canh tranh
trong cac nganh céng nghiép trén toan thé gidi. Nhing tién bd
nhanh chong ctia cdng nghé sé dang dinh hinh lai cdc m6 hinh san
xuat kinh doanh truyén théng. Trong linh vuc xay dung, chuyén déi
s6 ngay cang dugc cdng nhan 1a moét 16 trinh chién lugc d€ nang cao
hiéu qua du an, cai thién tich hgp thong tin va ho trg phat trién bén
viing. Do d6, nhiéu quéc gia trén thé gidi da tich cuc thuc ddy viéc
Ung dung chuyén déi s6 nham nang cao hiéu qua cta hoat déng
dau tu xay dung. Tai Viéet Nam, Chinh phu da ban hanh Quyét dinh
s6 749/QD-TTg ngay 03/6/2020 vé viéc phé duyét Chuong trinh
chuyén d6i s6 qudc gia dén ndm 2025, dinh huéng dén nam 2030.
BO Xay dung da c6 Quyét dinh s6 1644/QD-BXD ngay 30/9/2025 vé
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viéc ban hanh Chién lugc chuyén ddi s6 clia Bé Xay dung giai doan
2025 - 2030. Trong béi canh d6, cac DNXD phai day manh viéc ap
dung cac céng cu va nén tdng quan ly sé dé€ nang cao nang suat
va duy tri khd nang canh tranh. Tuy nhién, qua trinh chuyén déi s6
trong cac DNXD khéng chi don thuan la van dé céng nghé ma né
con dugce dinh hinh bédi sy tuong tac phic tap cda cac yéu t6 té
chuc, cong nghé va méi truong, dac biét la cdc doanh nghiép tai cac
thanh phé I6n va phat trién manh mé nhu TPHCM. Mac du nhiéu
nghién ctu trudc day da xem xét viéc sé hda va ap dung cong nghé
trong nganh Xay dung, tuy nhién van con thiéu cac nghién ctu co
hé théng vé cac yéu t6 anh hudng dén viéc iing dung va thuc hién
céc chién lugc chuyén déi s6 & cap doé doanh nghiép. Trong gidi han
clia nghién cuy, bai bao tap trung nghién ctu su anh hudng clia céc
yéu t6 dén dén chuyén déi s6 trong cac DNXD trén dia ban TPHCM.
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Dua trén co s@ Ly thuyét théng nhat vé chdp nhan va st dung cong
nghé (UTAUT) clia Venkatesh va cdng su (2003), két hgp véi viéc
téng hgp cac cong trinh nghién ctru vé chuyén déi s6 va thuc trang
chuyén déi s6 trong cac DNXD, bai béo da chi ra cdc nhém yéu té
anh hudng va dé xuat mé hinh nghién ctru dnh hudng cda cac yéu
t6 dén chuyén ddi s6 trong cac DNXD tai TRHCM. Véi s6 liéu khéo sat
tU cac chuyén gia va st dung cac ky thudt phan tich dinh lugng theo
phuong phép SPSS, bai bdo nham lam ré mdc d6é anh hudng clia cac
yéu t6 dén chuyén s6 trong cadc DNXD tai TPHCM.

2. PHUONG PHAP NGHIEN CcUU

2.1. Xay dung mé hinh va gia thuyét nghién ciu

Viéc iing dung chuyén déi s6 clia cac DNXD c6 thé dugc phan
anh thong quay dinh hodc quyét dinh (ing dung cia doanh nghiép.
Tuy nhién, theo ly thuyét hanh vi hgp ly (TRA) va ly thuyét hanh vi
c6 ké hoach (TPB) thi y dinh la yéu t6 quyét dinh hanh vi con ngudi,
do dé y dinh la cdng cu t8t nhat dé phan doan hanh vi. Hanh vi con
ngudi dugc quyét dinh bdi y dinh thuc hién hanh vi [3, 5]. Trong
mo hinh Ly thuyét thong nhat vé chap nhan va st dung cong nghé
(UTAUT), Venkatesh va cong su (2003) cling khang dinh réng y dinh
hanh vi la yéu t6 truc ti€p quyét dinh dén hanh vi sit dung céng
nghé [7]. Vi vay, véi muc tiéu kham pha va danh gia muc dé anh
hudng clia cac yéu té dén viéc ing dung chuyén déi sé trong cac
DNXD tai TPHCM thi viéc iing dung chuyén déi s6 dugc nhém tac
gié tap trung nghién ctu théng qua y dinh (ing dung chuyén déi sé
cla cac DNXD.

Ly thuyét théng nhat vé chap nhan va st dung céng nghé da
dugc ap dung viéc nghién ctiu cac van dé trong nhiéu linh vuc va
bé&i canh nghién ctiu khac nhau. Trong linh vuc xay dung, cac nghién
ctru da chi ra rang moé hinh UTAUT c6 kha nang giai thich cao (Ién
t6i 70%) su anh hudng cla cac yéu t6 dén y dinh va hanh vi sit dung
cdng nghé, nghia la UTAUT hiéu qua han cac moé hinh nghién ciu
trudc day [4, 8]. Do d6, nhiéu hoc giad da st dung mé hinh UTAUT dé
nghién ctu vé y dinh va hanh vi chap nhan va st dung céng nghé
[2, 8. Vi vay, véi muc tiéu nghién cttu nham kham pha cac yéu té
anh hudng dén y dinh (ing dung chuyén dai s6 trong cac DNXD tai
TPHCM, thi viéc ap dung ca s& Ly thuyét théng nhat vé chap nhan
va st dung cong nghé dé xay dung mé hinh nghién cdu la hoan
toan phu hgp.

Trong mo hinh nghién ctru nay, bién phu thudc chinh la y dinh
ing dung chuyén d&i s& clia cdc DNXD (Al). Hiéu qué ky vong, né luc
ky vong, anh huéng xa hdi va diéu kién thuan Igi la 4 bién doc lap
trong mé hinh va dugc hiéu nhu sau:

- Hiéu qua ky vong (PE): Phan énh muc do ma DNXD tin rang
viéc Ung dung chuyén déi s6 sé gitp cai thién dugc hiéu qua cong
viéc clia ho nhu mong doi.

- N6 luc ky vong (EE): Phdn anh muc d6 dé tim hiéu va dé strdung
clia cac Ung dung trong chuyén déi s6 ma DNXD cadm nhan dugc.

- Anh huéing xd héi (SI): Phan anh muc d6 tac dong dén y dinh
Ung dung chuyén dgi s6 ma DNXD cdm nhan dugc tir cac bén c6
lién quan trong hoat dong san xuat kinh doanh.

Theo mé hinh UTAUT [7], Venkatesh va céng su cho rang cac
diéu kién thuan lgi la yéu t6 chi tac dong tryc ti€p dén hanh vi su
dung céng nghé. Tuy nhién, Baozhen va cong su [4] khi nghién ctu
cac yéu td anh hudng dén viéc chap nhan st dung thiét bi cong
nghé dua trén UTAUT da chi ra rang: Cac diéu kién thuan Igi ngoai
viéc tac dong truc ti€p dén hanh vi st dung cédng nghé thi con tac
déng truc ti€p va dang ké dén y dinh hanh vi. Vi vay, trong mé hinh
nghién cttu, nhom tac gia dé xuat thi yéu té diéu kién thuan loi
la bién doc lap thd 4 6 tac dong truc tiép dén y dinh tng dung

chuyén d8i s6 ctia cac DNXD va dugc hiéu nhu sau:

- Diéu kién thudn lgi (FC): Phan anh muc dé DNXD tin rang ho
¢6 du cac diéu kién vé ngudn luc va su hé trg can thiét dé ing dung
chuyén déi s6, bao gém: Nguén luc tai chinh, nhan sy, co s& ha
tang cong nghé, thé ché phap luat ctia Nha nudc, cac chinh sach vé
chuyén déi s6...

Trén cg s& xac dinh cac bién doc lap va bién phu thudéc, mé
hinh nghién ctru dé xuat dugc thé hién nhu Hinh 1.

Higu qua ky
vong (PE)
NG lire ki
vong (EE) _
Y dinh
img
dung
Anh huong e
x4 i (51) [‘:["'“
Biéu kién
thudn lgn

(FC

Hinh 1. M6 hinh va cdc gid thuyét nghién ctiu dé xuat

2.2.Thu thap dit liéu

Néi dung khao sat va phuong an danh gia dugc thiét ké dua
trén thang do “Likert” 5 muc d0. VGi méi nodi dung, déi tugng khao
sat sé dua vao kinh nghiém thuc t€ vé iing dung chuyén déi sé dé
danh gia va lya chon phuong an tra 16i theo 5 murc dé bao gom: (1)
R&t khong déng y; (2) khong déng y; (3) trung lap; (4) déng y; (5) rat
déngy.

DEi tugng khao sét la cac chuyén gia dang cong tac tai cac
DNXD tai TPHCM. Téng céng ¢6 110 mau khao sét thu dugc ti cac
chuyén gia théng qua phuong tién khéo sat truc tuyén (bi€u mau
google form), trong d6 c6 100 mau khao sat da diéu kién dé dua vao
cac buéc phan tich tiép theo.

S8 lugng mau khao sat t6i thiéu dugc tinh toan theo dé xuat
cta Tabachnick va Fidell [6], theo d6 dé tién hanh phan tich héi quy
t6t nhat kich thudc mau n = 50 +8.m (trong d6: m 1a s6 bién doc lap
trong mé hinh). Trong m6 hinh nghién ctu dé xuat cé 4 bién doc
1ap, nén kich thudc mau t6i thiéu la 50 + (8 x 4) = 82. Nhu vay, Vi
100 mau khao sat thu thap dap ling cac théng tin yéu cau la da diéu
kién dé tién hanh cac budc phan tich tiép theo.

2.3. Phuong phap va cong cu phan tich dit liéu

Cac s6 lieu khao sat sau khi thu thap dugc, nhom tac gia tién
hanh lam sach d{ liéu, loc bang cau héi, ma héa nhing thong tin
can thiét trong bang cau hoi; nhap dit liéu va phan tich di liéu bang
phan mém SPSS Statistics 26. Dir liéu sé duoc phan tich théng qua
cac ky thuat phan tich dinh lugng gém: Théng ké mé t&; danh gia dé
tin cdy clia thang do; phan tich phuong sai; phan tich tuong quan
va héi quy tuyén tinh.

3. KET QUA NGHIEN CUU VA BINH LUAN
3.1. Phan tich théng ké mé ta
Phuong phap thong ké mé tad dugc nhém tac gia st dung
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nham sang loc céc s6 liéu thé va dugc thuc hién théng qua cac di
lieu khao sat thu thap. Két qua phan tich thong ké mé ta lién quan
dén cac mau khéo sat dugc sir dung trong nghién ctu thé hién &
Bang 1.

Bang 1. Mé ta mau nghién ctu

dung chuyén d8i s6 ctia cdc DNXD tai TRHCM. Su théng nhat nay vé
mat ky thuat sé [a hgp ly khi st dung t6 hgp mau ti cac déi tugng
khao sat véi don vi cong tac 1a khac nhau dé ti€n hanh cac budc
phan tich tiép theo.

3.4. Phan tich tuong quan

3.2. Phan tich dé tin cay cGia thang do

DO tin cdy cha thang do dugc danh gia théng qua hé s6
Cronbach’s Alpha. Pham vi gia trj Cronbach’s Alpha la tir 0 dén 1. Gia
tri Cronbach’s alpha cang cao thi thang do cang dang tin cay va &
muic I16n hon 0,7 dugc coi la tét, mic I16n hon 0,6 1a du diéu kién khi
kiém tra @6 tin cay [1].

Mau khao sat cac thong tin cho céc bién trong mé hinh nghién
clru dé xuat (Hinh 1) dugc thiét ké bao gém: 4 nodi dung khao sat
cho bién “Hiéu qua ky vong - PE”, 5 ndi dung khao sat cho bién “N6
luc ky vong - EE” 3 ndi dung khao sat cho bién “Anh hudng clia xa
héi - SI 5 ndi dung khao sat cho bién “Diéu kién thuan lgi - FC"va 3
noi dung khéo sat cho bién phu thudc”Y dinh ting dung chuyén déi
s6 ciia DNXD - Al

Dt liéu thu thap tir 100 m&u quan sat dugc téng hop va kiém
tra dé tin cay cho 4 bién doc 1ap va 1 bién phu thudc trong mé hinh
nghién ctu. Két qua gia tri ctia Cronbach'’s alpha cla 4 bién déc lap
Ian lugt 12 0,733; 0,692; 0,635; 0,828 va clia 1 bién phu thudc 12 0,675;
hé s tuong quan bién téng cla tat ca 20 bién quan sat déu 16n hon
0,3, cho thdy thang do clia céc bién trong mé hinh la ddm bao do tin
cay cho cac budc phan tich tiép theo.

3.3. Phén tich phuong sai (ANOVA)

Muc dich cta phan tich ANOVA trong nghién ctu nay nham
kiém tra c6 su khac biét hay khéng gilia don vi cong tac clia cac
chuyén gia khi danh gia vé y dinh tng dung chuyén déi sé clia cac
DNXD.

Bang 2. Kiém tra tinh d6ng nhat cta cac phuaong sai

Test of Homogeneity of Variances

Levene R
Statistic dft df2 3ig.
Al Based on Mean 3.113 5 94 0.012

Bang 3. Kiém dinh manh vé sy bang nhau cla trung binh

Robust Tests of Equality of Means

Al
Statistic? df1 df2 Sig.
Welch 1.954 5 9.672 0.174

Tu két qua kiém tra tinh déng nhat clia cac phuang sai (Bang
2) cho thdy muc y nghia Sig. ctia Levene la 0,012 < 0,05, d6ng thoi
muc y nghia Sig. Welch la 0,174 > 0,05 (Bang 3), chiing té khéng ¢6
su khac biét vé gia tri trung binh. Nghia la, khong c6 su khéc biét
gilta don vi cdng tac cla cac chuyén gia khi danh gia vé y dinh ting
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. . R Trudc khi phan tich héi quy, cn phai tién hanh kiém tra méi
Thong tin khao sat So6 luong | Ty lé (%) a N s s N e s L A 1A N
lién hé tuyén tinh gita bién phu thudc véi cac bién doc lap thong
1-5n3m 64 64 qua hé s6 tuong quan Pearson (r).
$6 nam kinh 6-10 ndm 31 31 Bang 4. Phan tich tuong quan
nghiém cta 11-15nam 03 3 Correlations
chuyén gia > 15 nam 02 2 Al PE EE sI FC
Nha thau thi cong 51 51 Al Pearson 1 0.406™ | 0.239" | 0.358" | 0.342"
Pon vi céng tac Tu van thiét ké 32 32 Correlation
ciiachuyéngia | Tuvin QLDA 05 s Sig. (2-tailed) 0.000 | 0017 | 0.000 | 0.000
Khac (khao sat, gidm sat..) | 12 12 N 100 | 100 | 100 | 100 | 100

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

Két qua phan tich tuong quan (Bang 4) cho thay: Tat ca cac
muc y nghia Sig. déu < 0,05 va cac hé s tuong quan (r) dao dong
trong khoang tur 0,239 dén 0,406 (thda man diéu kién -1 <r <+ 1).
Nhu vay, tat ca 4 bién doc lap trong mo hinh déu cé moi quan hé
tuyén tinh rat chat ché vai bién phu thudc.

3.5. Phan tich hdi quy tuyén tinh va kiém dinh mé hinh

3.5.1. Phan tich hoi quy tuyén tinh

Muc dich ctia phan tich héi quy tuyén tinh la udc lugng miic
d6 tuong quan gilra bién phu thudc va cac bién doc lap. Két qua
phan tich héi quy tuyén tinh dugc thé hién tir Badng 5 dén Bang 7.

Bang 5. K&t qua kiém dinh R2 va Durbin - Watson

Model Summary®

. Std. Error
Model R s Eare Adsjulsj‘zerg R of the Durbin-Watson
a a Estimate
1 0.563* | 0.317 0.288 0.36904 2.005

a. Predictors: (Constant), FC, EE, PE, Sl
b. Dependent Variable: Al

Bang 6. K&t qua kiém dinh ANOVA

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 6.000 4 1.500 11.014 | 0.000°
Residual 12.938 95 0.136
Total 18.938 929

a. Dependent Variable: Al
b. Predictors: (Constant), FC, EE, PE, S|

Bang 7.Téng hap két qua phan tich héi quy

Coefficients?

Unstandardized | Standardized Collinearity
Coefficients Coefficients Statistics
Std.
Model B Error | Beta t Sig. | Tolerance | VIF
1 |(Constant) [ 0.947 |0.482 1.964 |0.052
PE 0.268 0.082 |0.291 3.282 [ 0.001 | 0.912 1.096
EE 0.168 0.076 |0.190 2.223 | 0.029 | 0.990 1.011
Sl 0.214 |0.084 |0.228 2.558 | 0.012 | 0.904 1.106
FC 0.159 | 0.068 |0.209 2.355 [ 0.021 [ 0.912 1.096

a. Dependent Variable: Al
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- T két qua phan tich héi quy tuyén tinh & cac bang trén, ta co:

+ Gia tri hé s6 R2 hiéu chinh 13 0,288 (Bang 5), nhu vay cac bién
doc lap giai thich dugc 28,8% su bién thién ctia bién phu thudc.

+ Gia tri Sig ctia F 1a 0,000 < 0,01 (Bang 6), d@m bao mé hinh hoi
quy tuyén tinh cé y nghia théng ké véi dé tin cdy trén 99% va phu
hap véi dit liéu thuc té.

+ Gia tri hé s6 phong dai phuong sai VIF (Bang 7) cla cac bién
déc 1ap tur 1,011 dén 1,106 (nho hon 10) cho thady khéng co6 hién
tugng da cong tuyén trong di liéu.

+ Hé s6 héi quy (B) ctia ca 4 bién doc lap (PE, EE, S, FC) déu
duong (Bang 7), chiing t6 ca 4 bién doc lap déu cé méi quan hé
thuan chiéu véi bién phu thudc. Gia tri Sig. cta kiém dinh t cta 4
bién déc lap déu < 0,05 (Bang 7), tuc la ca 4 bién doc lap déu dong
vai trod tac dong dén bién phu thuéc (Al). Trong d6, bién “Hiéu qua ky
vong - PE” c6 hé s héi quy (B) chuan héa I6n nhat (0,291), chiing té
bién PE déng vai trd anh hudng quan trong nhat doi véi y dinh ting
dung chuyén déi s6 clia cac DNXD tai TRHCM.

3.5.2. Kiém dinh mé hinh héi quy

*Kiém dinh su pht hop cia mé hinh tién lugng:

- Kiém dinh phan phgi chudn dao déng du:

Gia dinh dau tién trong phan tich héi quy dé la phan du trong
héi quy phai xap xi phan phéi chuén.

Histopram
Dependent Vartabie: &

[

Repres shon Taaniandiy ed Ressdanl

Hinh 2. Bi€u d6 phén phéi dao dong du Histogram

T biéu d6 phan phdi dao déng du (Hinh 2) ta thdy: Budng
cong phan phéi chuin dugc dit chéng 1én gan trung véi bién do
cla biéu d6 tan s6. Dudng cong nay cé dang hinh chuéng, phu hop
vGi dang dé thi ctia phan phdi chuan. Gia tri trung binh (Mean =
-4,02E - 15) gan bang 0, d6 léch chuén 12 0,980 gan béng 1. Nhu vay,
phan phéi phan dao déng du ctia mé hinh tién lugng xap xi chuén,
gia dinh phan phéi chudn clia phan du khéng bi vi pham.

* Kiém dinh méi quan hé tuyén tinh gidia bién phu thuéc va bién
déc lap:

Gia dinh thu hai trong phan tich héi quy d6 la phai c6 méi
quan hé tuyén tinh gitia bién phu thudc vai cac bién déc lap. Biéu
d6 phan tan Scatter Plot gidia cac phan du chudn héa va gia tri du
doan chuan hoa sé giup ta tim xem di liéu hién tai cé vi pham gia
dinh quan hé tuyén tinh hay khong.

R
Caparsiard verianie: 4

Regrrinkn S-carzes Hewaus
i
-
#
J
¥
&
| =
.
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Hinh 3. Bi€u d6 phén tan Scatter Plot

Véi biéu d6 Scatter Plot (Hinh 3), ta nhan thay rang cac diém
phan bé cda phan du c6 dang dudng thdng va dao déng xung
quanh dudng tung d6 0. Nhu vay, gia dinh quan hé tuyén tinh giiia
bién phu thudc véi cac bién doc lap khong bi vi pham.

4, KET LUAN

Trén co s& van dung Ly thuyét théng nhat vé chadp nhan va
st dung cong nghé (UTAUT) cla Venkatesh va cdng su (2003), bai
bao da dé xuat va phan tich mé hinh méi quan hé gila cac yéu t6
anh hudng va y dinh tng dung chuyén déi sé clia cac DNXD tai
TPHCM. Két qué phan tich da chi ra 4 yéu t6: Hiéu qué ky vong, nd
luc ky vong, anh hudng xa héi va diéu kién thuan Igi c6 méi quan
hé thuén chiéu va tadc dong dén y dinh tng dung chuyén déi s6 cla
cac DNXD tai TPHCM. Trong d6, hiéu qua ky vong déng vai tro anh
hudng quan trong nhat. Két qua nghién ctu la co s& khoa hoc cho
viéc dé xuat cac giai phap nhdm ddy manh viéc trién khai ing dung
chuyén d8i s6 ctia cdc DNXD trén dia ban TP.HCM.
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Nhan dién cac yéu t6 rui ro anh hudng tdi
thanh céng du an ha tang giao thong théng
minh theo hinh thuc hop tac céng tu (PPP)
trong giai doan trién khai

|dentification of risk factors influencing the success of smart transportation infrastructure
projects under Public-Private Partnership (PPP) during the execution stage
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"Truong Pai hoc Giao théng van tai TP.HCM
Truong Pai hoc Cong nghé ky thuat TP.HCM
*Email: tiepnv@hcmute.edu.vn

TGM TAT

Nghién citu nay tap trung vao viéc nhan dién va xép hang cac
yEu td rii ro trong giai doan trién khai dy an hop tac cang tu
(PPP) cho ha tang giao thang thang minh (ITS) tai TP.HCM dua
trén khao sat y kign chuyén gia. Trong nghién citu nay, moc do
quan trong cla céc rii ro duge dinh lrgng bang gia tri trung
binh va dd lech chuén, va dugc so sénh theo bén nhom chuyén
gia (nha nghién ctru, co quan chire nang, doanh nghigp nha nuac,
tu van - chi dau tu - nha tai trg - nha thau). K&t qua cho thay
cac rdi ro lien quan dén: chat leang hop ddng; quén Iy hop dang;
va dn dinh chinh sach ndm trong nham wu tién & nhiéu tigu chi
thanh cang. Tuy nhign, thir hang va moc da dang thuan thay ddi
dang ke dya trén goc nhin cia céc nham chuyén gia vé rii ro va
mic dd anh hudng. Diu da cho thdy cac nha quén Iy can tigp
can quén tr rii ro dudi nhigu lang kinh khac nhau; va dua trén
mic df vu tign dé dua ra céc gidi phap thuc t& va kha thi nham
gia tang ty 1@ thanh cang cia céc di &n ha tng giao thang thang
minh.

Tir khda: Ha tang giao thang thang minh; hop tac cang tu; tiéu chi
thanh cang; danh gia rii ro.

ABSTRACT

This study focuses on identifying and ranking risk factors during the
implementation phase of public-private partnership (PPP) projects for
intelligent transport systems (ITS) in Ho Chi Minh City, based on an expert
survey. In this research, the importance of risks was quantified using
mean values and standard deviations, and comparisons were conducted
across four expert groups (researchers, regulatory authaorities, state-
owned enterprises, and consultants-investors-financiers-contractors).
The results indicate that risks related to contract quality, contract
management, and policy stability consistently rank among the top
priorities across multiple project success criteria. However, the
ranking positions and levels of consensus vary considerably depending
on the perspectives of different expert groups regarding both the
nature of the risks and their impacts. These findings suggest that
project managers should adopt a multi-perspective approach to risk
governance and prioritize risks accordingly in order to propose
practical and feasible solutions, thereby enhancing the success rate of
intelligent transport infrastructure PPP projects.

Keywords: Smart transport infrastructure; public-private
partnership; success criteria; risk assessment.

1. DAT VAN DE

Trong béi cdnh dé thi héa nhanh va chuyén déi s6 dang dién ra
manh mé, cac hé théng giao thong théng minh (ITS) ngay cang trg
thanh mét phan quan trong clia ha tang, gép phan nang cao an
toan, gidm un tac va téi uu hda hoat ddng clia mang ludi. Tuy nhién,
dac diém clia cdng nghé cao cling vdi viéc tich hgp nhiéu module
va yéu cau hgp tac nhiéu bén da khién cac du an ha tang giao thong
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théng minh theo hinh thic cong tu (PPP-ITS) dé gap phai rdi ro
trong qua trinh trién khai, tir khau khai cdng dén nghiém thu va van
hanh thd. Néu khéng s6m nhan dién va kiém soat cac rui ro nay,
chung c6 thé gay anh hudng tiéu cuc dén lgi ich xa hoi, hiéu qua
ngan sach, nha dau tu va muc tiéu phat trién bén viing.

Trong thuc tién quan ly du an, badng x&p hang rui ro téng hop
thudng dugc st dung dé uu tién phan b nguén luc. Tuy nhién, PPP
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la mét dang hgp déng da chl thé; véi su khac biét vé chic nang,
quyén han va déng co, cac géc nhin vé rii ro cling 6 thé khac nhau.
Do d6, nghién ctu dat ra cau héi nghién ctu “cing mét danh muc
rdi ro trién khai, cdc nhém chuyén gia khac nhau c6 thé dua ra xép
hang giéng nhau hay cé su phan hoa dua trén kinh nghiém va muic
do uu tién?”. Dua trén cau hoi nay, nghién ctiu xac dinh cac muc tiéu
chinh: (i) xac dinh cac yéu t6 radi ro tdc ddng dén cac tiéu chi thanh
cbng cla du an; (i) kiém dinh do tin cdy thang do rdi ro theo
Cronbach’s Alpha; (iii) xép hang cac yéu té rai ro theo tiing tiéu chi
thanh céng; va (iv) so sanh su khac biét vé xép hang va muic dé déng
thuan (d6 léch chudn) gitta bén nhém chuyén gia.

2. TONG QUAN NGHIEN CU'U TRUGC DAY VE CAC YEU TO
RUI RO TRONG DU AN PPP

Cac nghién ctu gan day xem xét viéc chon lua mé hinh PPP nhu
mot bai toan da tiéu chi, chiu tac ddng cung ldc tir cac yéu té chinh
tri, tai chinh va rdi ro [1]. Viéc lua chon khéng phu hop c6 thé lam
giam hiéu qua dau tu va tinh kha thi ctia dy an. Trong thuc tién,
nhiéu du an that bai do thiét ké hgp dong khéng phu hgp véi méi
trudng thé ché hodc du bao thj trudng thi€u chinh xac [2]. Cac vi du
dién hinh cho thay rui ro trong viéc Iya chon mé hinh khéng chi
mang tinh ky thuat ma con lién quan tGi yéu té phép ly va thé ché.
Du an Cau Hong Kéng - Chu Hai - Macau phai chuyén déi khéi méo
hinh BOT do khung phép ly da chinh quyén khéng phu hgp [3]. Dy
an Cang tau du lich Kai Tak tai Hong Kong thay d8i cdu truc hgp
déng khi khu vuc tu nhan khéng con quan tam dén BOT [4]. Tai Ba
Lan, du an dudng cao t8c¢ A1 bi hlly do thay d&i chinh sach thu phi
va du bdo luu luong khéng chinh xac [5]. & Viét Nam, du an Cau Phu
My phédn anh anh hudng cta du bdo sai léch va danh gia kha thi téi
két qua tai chinh [6].

Song song vai nghién ctiu vé lua chon mé hinh, con cé nhiéu hé
théng nghién ciiu ma rong tap trung vao nhan dién va phan bé rai
ro trong PPP. Rasheed va cong su [7] téng hgp cac phuong phéap
déanh gia va phan bé rdi ro, nhan manh vai trd cla co ché chia sé ri
ro cong bang. Zhang va cong su [8] cho thay rui ro phap ly, tai chinh
va thé ché 1a cdc nhom rii ro phé bién xuyén quéc gia. Huéng tiép
can tich hgp dugc dé xuat béi Fatima va céng su [9], lién két ri ro
vGi cac chi s6 hiéu suat (KPI), cho rang quan ly rdi ro can gan lién véi
danh gia két qua du an. Sy va cong su [10] xac nhan rang bién dong
chinh sach va thi€éu cam két tur tu nhan la nguyén nhan dan dén
xung doét hop déng. Dé khic phuc, Guo va cong su[11] dé xusdt minh
bach hoa dau thau va ing dung céng cu phan tich da tiéu chi trong
quyét dinh phan bé rui ro.

Trong giai doan van hanh - bao tri, Tiep Nguyen va cong su [12]
chi ra rang rui ro ngoai sinh (bién dong kinh té, thién tai) va rai ro
ndi sinh (thiét ké khong day du, cham tién do) chiém ty trong 16n,
déng thai bi anh hudng bai khung phap ly va van héa dam phaén
clia tiing quéc gia. Két qué nay bé sung cho cac phan tich trudc d6
cUa Liu va cong su [13], dac biét trong béi canh hop déng O&M. Tai
Viét Nam, Likhitruangsilp, Do va Onishi [14] xac dinh 23 yéu té rdiro
chinh trong PPP giao théng va chi ra su khac biét dang ké gitra khu
vuc cdng va tu trong nhan thic rii ro. Khu vyc tu danh gia cao rui
ro lién quan minh bach va tham nhiing; khu vyc cong quan tam
nhiéu hon dén nang luc nha dau tu va nhu cau du én. Biéu nay phan
anh d3c thu thé ché va méi trudng hanh chinh clia Viét Nam. D6i vi
PPP ha tang giao théng théng minh (PPP-ITS), Tiep Nguyen va cong
su [12] nhan manh cac rdi ro dac thu nhu thiéu hut chuyén mén
céng nghé, thiéu dt liéu, can thiép chinh tri va co ché phéi hop yéu.
Khac vai PPP truyén thong, PPP-ITS phu thudc manh vao tich hgp
cong nghé va chia sé di liéu, lam gia tang muic dé phuc tap quan tri
va bat dinh hé thong.

Téng hgp cac nghién cliu cho thay hai xu huéng chu dao: (i) t6i
uu héa lua chon mé hinh PPP dua trén phan bé trach nhiém va rai
ro; (i) nhan dién, phan loai va phan bé rdi ro theo béi cdnh quéc gia.
Tuy nhién, con thiéu cac nghién ctu phan tich ciu trdc rui ro trong
giai doan trién khai du an PPP-ITS gén vdi cac tiéu chithanh céng cu
thé, déng thai so sanh su khac biét nhan thuc rui ro gilta cdc nhém
chi thé tham gia. Mdc du cac nghién ctu truc day da lam ré vai tro
cta lua chon mé hinh PPP va ca ché phan bé rdi ro trong cac du én
ha tang giao théng, van ton tai ba khoadng tréng dang ké. Thi nhat,
phan 16n céc cong trinh tap trung vao giai doan chuén bi va ky két
hgp déng, trong khi rti ro phat sinh manh nhat lai nam & giai doan
trién khai - noi su tuong tac gidia ky thuat, tai chinh va thé ché dién
ra dong thaoi. Thi hai, cac nghién ctu thudng xem rdi ro nhu moét
tap hgp d6ng nhat, chua phan tich su khac biét trong nhan thic va
muic d6 uu tién gira cdc nhém chi thé tham gia du an. Thi ba, d6i
vGi PPP ha tang giao thong théng minh, rat it nghién ctu lién két rdi
ro véi cac tiéu chi thanh céng cu thé (Igi ich xa héi, hiéu qua ngan
sach, Igi ich nha dau tu va phat trién bén viing). Viéc 13p day khoang
tréng nay c6 y nghia ca vé ly thuyét quan tri PPP-ITS va bang ching
thuc nghiém cho hoach dinh chinh sach tai Viét Nam.

3. PHUONG PHAP NGHIEN CUU

Quy trinh nghién cttu gébm 3 budc chinh. Dau tién, xac dinh cac
yéu té rui ro trong giai doan trién khai cac du an dau tu phat trién
ha tang giao thong theo mé hinh PPP tuong tu nhu PPP-ITS. Thir hai,
tién hanh lap bang khao sat va khao sat thir qua phong van moét s6
nha nghién cuu, chuyén gia. Cuéi cling, thu thap di liéu va xi ly
bang phan mém SPSS, véi hai budc phan tich: (i) kiém dinh dé tin
cay bang Cronbach'’s Alpha cho timg nhém bién theo tiéu chi; (ii)
thuc hién théng ké mé ta (gia tri trung binh, d6 léch chuan) va xép
hang.
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Hinh 1. Quy trinh nghién ctiu

4. KHUNG LY THUYET VA MO HINH PHAN LOAI RUI RO

Cac nghién ctiu vé PPP nh&n manh vai trd cda rui ro thé ché, hop
déng va tai chinh trong giai doan thuc hién, vi ching anh hudng
tryc tiép dén kha nang thuong mai va nghia vu tai khéa. Bao céo IEG
cta World Bank [15] tir nhom IEG cling cho thay rang thiéu nang luc
gidm sat va su thay déi chinh sach c6 thé gay ra “khoang cach thuc
thi,” tr dé lam giam hiéu qua cda dy an.

Trong nén tang téng quan tai liéu va thuc tién vé PPP-ITS,
nghién ctu da xay dung danh muc gém 15 yéu t6 rdi ro thudc 5
nhém chinh: (1) Chinh sach (CS), bao gém céc thay d6i chinh sach
va chat lugng hgp déng; (2) Nang luc chuyén mén (NLCM), gom
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nang luc vé céng nghé/quan ly, giam sat muc tiéu, quan ly hgp

déng, thi cong va lap dat; (3) Tai chinh (TC), lién quan dén bat 6n

kinh t&, chi phi mua sdm, va co cau tai chinh; (4) Ky thuat cong nghé

(KTCN), bao gébm quy mo va céng nghé phc tap, sai sot trong thiét

ké, an toan - bdo mat, cling nhu tich hgp mé-dun; (5) Cac bén lién

quan (CBLQ), dé cap dén co ché phdi hop va su hé trg cta cong
Bang 1.Bang théng ké cac tiéu chi thanh céng cia du én

déng. Bon tiéu chi thanh cdng duoc st dung dé lién két viéc doc két
qua, gém: lgi ich xa héi (LIXH), hiéu quéd ngan sach (HQNS), lgi ich
nha dau tu (LINDT) va phat trién bén viing (PTBV). Phuong phap nay
gilp xem xét rdi ro dya trén két qua hodc muc tiéu cdia du an thay
vi chi theo phan loai ky thuat.

STT Tiéu chi thanh cdng cla du én Ma ta/ y nghia Ngudn
1 Lgi ich cho xa hoi Nang cao hiéu qua xa hi, phic lgi cdng dng va chdt lugng phuc vu chng dong [16],[17]
2 Hiéu qua kinh té - ngan sach Gilip gidm génh ndng tai khoa cdia chinh phi thong qua viéc phan b rdi ro va chi phi hop ly [18]

3 Lgi ich cho nha dau tu Loi ich danh cho khu vuic tu nhan, dac biét Ia viéc ddm béo ty sudt lgi nhuan 6n dinh va co hdi md rong thi trudng. [19], [20]
4 | Phattrién bén ving Két qua lién quan dén khi hdu, méi truGng va quan tri xa hoi [21]
Bang 2. Bang théng ké cac yéu to rii ro

STT Yéu t6 rli ro Ma ta/y nghia Ngudn
1 Rai ro thay ddi chinh sach/quy dinh He théng chinh trj & chinh phd 6n dinh, tao niém tin cho nha dau tu [12],[22]
2 RUi ro do thiéu nang luc/kinh nghiém quan Iy ITS | Nang luc/kinh nghiém quén Iy vén hanh va bdo tri [23], [15]
3 Rui ro do thiéu gidm sét lién tuc Gidm sét dénh gia lién tuc nham duy tri hiéu sudt, minh bach, hiéu qué va x( Iy kip thoi [24],[15]
4 | Ruirodoquan Iy hgp dong kém Hop dong thiéu chat ché hodc mo ho thudng dan dén tranh chap phap Iy kéo dai, d6i chi phi va tri hoan tién d6 | [22], [15]
5 Rui ro thiéu nang luc/chuyén mon (Cdng nghé chuyén mén cao [25], [15]
6 Rui ro chi phi mua sam cao Yéu cau cong nghé cao tang gia tri hop dong, tai chinh chua téi uu gidm phic lgi [26]

7 | Rdiro co cau tai chinh khong phu hgp (0 cdu von thiéu bén viing [26], [15]
8 Rui o tir bat dinh thi truGng tai chinh Rui ro tir bién dong ty gid, chi phi von & giao dich [27], [28]
9 Quy mé va tong mitc dau tu I6n Phén anh miic d9 16n - phiic tap ctia dy n va gia tri tai chinh huy dong [29], [30]

10 | Ruiro tirky thudt Do thiét ké/ky thudt (30]

11 | Ruiro tir do cong nghé phic tap D0 phiic tap trong thiét ké va thi cong. [31], [30],
12 | Rdirotiran toan, bdo mat Loi phan cting, phan mém [32]

13 | Ruirotircong dong Sy ting hg tir cong chiing & cong ddng véi du &n PPP 133], 34]
14 | Rui ro tirkét ni/tich hgp cdc module khac (6ng nghé chua tich hgp; khdng rd quyén s& hitu/khai théc dit liéu; rdi ro ro ri dit liéu bén thi ba [35]

15 | Ruirotrong qué trinh thi cong, Iap ddt, vanhanh | Vuot tién do, vugt chi phi, cham tién do [30]

5. KET QUA KHAO SAT

5.1. Théng ké mau khao sat

Nghién ctu nay dua trén 51 phi€u khao sat hgp 1é (n=51) tir cac
chuyén gia giau kinh nghiém trong linh vuc PPP va ha tang giao
théng, dac biét lién quan dén viéc sit dung cédng nghé cao. Trong
b6i canh nay, cac nghién ctu vé phuong phap luan chi ra rang vdi
c& mau tir 30-50 quan sat, c6 thé dam bao do6 6n dinh tuong d6i clia
hé s6 Alpha va gia tri trung binh, dac biét khi mau la tir cac chuyén
gia [36].

THONE KE Bl Ti!‘;"_' EH A SAT RS N S N O WL RN ST

=

M3u khao sat bao gém bén nhém chii thé chinh trong PPP giao
thong: co quan nha nudc (24%), nha nghién cdu (20%), doanh
nghiép nha nudc (20%) va khu vuc tu nhan - nha thau, tu van, nha
dau tu (31%, cao nhat). Co cau nay bao dam tinh dai dién da chiéu
cla cac bén lién quan. Lién quan téi kinh nghiém, 56% s& ngudi
tham gia cé trén 10 ndm céng tac trong linh vuc giao thong va quy
hoach; nhdm 5-10 ndm chiém 24%, dudi 5 ndm khoang 20%. Nén

Bang 3. Xép hang cac yéu té rui ro theo tiéu chi LIXH

tang chuyén mon va tham nién cao cling ¢6 dé tin cay va gia tri thuc
tién cla cac danh gia rdiro

5.2. Kiém dinh db tin cay thang do

Cac nhom thang do theo bén tiéu chi thanh cong déu cé
Cronbach’s Alpha dat nguéng chap nhan (a=0,648) va nhiéu nhom
dat muc tét dén rat tét (a>0,8). Diéu nay cho thay cac bién quan sat
trong tiing nhém rdi ro cé tinh nhat quan néi tai, du diéu kién sir
dung cho x&p hang va so sanh. Mét s6 nhém cé hé s6 a néi bat:
nhém NLCM dudi tiéu chi PTBV dat 0=0,936; nhom TC dudi tiéu chi
PTBV dat 0=0,932; nhém CBLQ dudi tiéu chi PTBV dat a=0,949. Ké&t
qua nay ham y rdng céc rui ro lién quan nang luc thuc thi va phoi
hgp cdng déng dugc cac chuyén gia danh gia tuong déi nhat quan
khi xét muc tiéu phat trién bén viing

5.3. Xép hang rui ro theo tiing tiéu chi thanh céng

Bang x&p hang t8ng hgp theo tiing tiéu chi cho thdy cau trdc uu
tién rui ro khac nhau gilta cadc muc tiéu.

DaGi vi lgi ich xa héi (LIXH), rui ro chat lugng hgp déng gay tranh
chap (CS_LIXH2) ding dau (TB=7,69), ti€p dén la han ché nang luc
céng nghé va quan ly (NLCM_LIXH1) va sai sot thiét ké
(KTCN_LIXH?2). Biéu nay phan anh rang Igi ich xa hoi ctia dy an ITS
nhay cdm vaéi nang luc thiét ké va quan trj va tinh ré rang cia khung
hgp déng.

Ma Yéu t6 rii ro B SD Hang
(S_LIXH2 Chat lugng hgp dong kém dan dén tranh chap phap Iy trong qué trinh thuc hién dy dn 7,69 1,463 1
NLCM_LIXH1 Han ché vé chuyén mon cdng nghé va quan Iy du an clia cic nhom lién quan 7,51 1,223 2
KTCN_LIXH2 Sai s6t vé ky thudt tir thiét ké 731 1,581 3
NLCM_LIXH2 Thiéu su giam sat lién tuc vé muc tiéu d& c6 su diéu chinh kip thdi trong qua trinh thuc hién du én 7,24 1,450 4
NLCM_LIXH4 Rui ro trong thi cng, ldp dat 7,18 1,352 5
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Vé&i hiéu qua ngan sach (HQNS), nhém quan ly hgp déng (NLCM_HQNS3) va sai s6t thiét ké (KTCN_HQNS2) chiém hai vj tri dau. Day la
bang ching dinh lugng cho luan diém: chi phi ngan sach khéng chi bi chi phdi bai yéu té tai chinh vi mé ma con bi quyét dinh bai chat lugng

quan tri trién khai va kiém soét thay déi ky thuat.
Bang 4. Xép hang cac yéu t6 rdi ro theo tiéu chi HONS

Ma Yéu td rdiro 8 D Hang
NLCM_HQNS3 Quan Iy kém hgp dong, hgp dong khong rd rang 6,80 1,732 1
KTCN_HQNS2 Sai s6t vé ky thuat tir thiét ké 6,75 1,958 2
(S_HQNS2 Chét lugng hgp dong kém dan dén tranh chdp phap Iy trong qué trinh thuc hién dy dn 6,65 1,937 3
(BLQ_HQNS2 Thiéu su ling h tir cong dong cho dy dn 6,61 1,511 4
NLCM_HQNS2 Thiéu su giam sat lién tuc vé muc tiéu dé c6 su diéu chinh kip thdi trong qua trinh thuc hién dy én 6,61 1,721 5

G tiéu chi lgi ich nha dau tu (LINDT), cac rli ro thudc nhém chinh sach-hop déng giir thir hang cao nhat (CS_LINDT2 va CS_LINDT1). Biéu

nay nhat quén véi ky vong clia nha dau tu vé tinh 6n dinh thé ché va kha nang bao vé quyén Igi hgp déng.

Bang 5. Xép hang céc yéu té rui ro theo tiéu chi LINDT

Ma Yéu to rii ro B SD Hang
(S_LINDT2 Chét lugng hgp dong kém dan dén tranh chap phap Iy trong qua trinh thuc hién dy dn 7,25 1,671 1
(S_LINDT1 Thay d6i chinh sch hay quy dinh trong thdi gian thuc hién du én 7,22 1,781 2
NLCM_LINDT3 Quan Iy kém hgp dong, hgp dong khdng rd rang 6,98 1,449 3
KTCN_LINDT2 Sai s6t vé ky thudt tir thiét ké 6,94 1,630 4
TC_LINDT2 Chi phi mua sam cao 6,88 1,728 5

Dai vai phét trién bén viing (PTBV), rdi ro thi cong-13p dat (NLCM_PTBV4) va quan ly hop déng (NLCM_PTBV3) nédi Ién, cho thay muc tiéu
bén ving chiu &nh hudng dang ké tir nang luc thuc thi va chat lugng quan tri du an.

Bang 6. Xép hang cac yéu té rui ro theo tiéu chi PTBV

Ma Yéu 6 rlii ro 8 D Hang
NLCM_PTBV4 Rui ro trong thi cong, lap dat 6,71 1,770 1
NLCM_PTBV3 Quan Iy kém hgp dong, hgp dong khdng rd rang 6,65 1,585 2
KTCN_PTBV1 Quy md I6n va cdng nghé phiic tap 6,63 1,720 3
NLCM_PTBV1 Han ché vé chuyén mdn cong nghé va quan Iy du an clia cdc nhom lién quan 6,63 1,574 4
(S_PTBV1 Thay d6i chinh sch hay quy dinh trong thdi gian thuc hién du én 6,61 1,756 5

5.4.So sanh xép hang theo nhém chuyén gia

Bang xép hang theo nhém chuyén gia (Bang 7) cho thay su khac biét cé hé thong gilia “bang xép hang chung” va “bang xép hang theo
cht thé”. Nhém nha nghién ctiu uu tién manh céc rdi ro vi mé gén véi tinh 8n dinh thé ché va diéu kién thi trudng - thé hién qua chinh sach
(CS_LINDT1) va tai chinh (TC_LINDT1) cung dat TB=8,60 va SD=0,516. D6ng thai, nhiéu rdi ro thudc tiéu chi LINDT) va HQNS dugc nhém nay
x€p hang cao, phan anh xu huéng danh gia dua trén kha ndng bao vé tinh kha thi kinh té-tai chinh cda du an.

Bang 7. Top rui ro uu tién theo nhém chuyén gia (tri trung binh; d6 léch chuan)

Nhom Top 1 Top 2

Top3 Top4 Top5

Nha nghién ctu (S_LINDT1 (8,60,0,516)

TC_LINDT1 (8,60;0,516)

NLCM_LINDT3 (8,50;0,527)

TC_LINDT2 (8,50;0,527)

(S_HQNS2 (8,40;0,699)

(g quan ban nganh

(S_LIXH1(8,00,0,953)

(S_LIXH2 (8,00;0,000)

NLCM_LIXH1 (7,92;0,900)

NLCM_LIXH2 (7,75;0,622)

NLCM_LIXH3 (7,75;0,622)

Doanh nghiép NN

(S_LIXH1(7,69;0,947)

(S_LIXH2 (7,54,1,127)

NLCM_LIXH1 (7,46;1,391)

NLCM_LIXH2 (7,46;1,713)

NLCM_LIXH3 (7,31;1,032)

TV—CBT-TTV-NT

(S_LIXH1(7,31;1,991)

(S_LIXH2 (7,31;1,493)

NLCM_LIXH1 (6,81;1,642)

NLCM_LIXH2 (6,75;1,732)

NLCM_LIXH3 (6,50;1,932)

Nguagc lai, ba nhém con lai (co quan ban nganh, doanh nghiép
nha nudc va tu van-nha thau) déu uu tién cac rdi ro thudc tiéu chi
LIXH, trong d6 chinh sdch gém CS_LIXH1 va CS_LIXH2 ding dau.
Diéu nay cho thdy & cap thuc thi, cac bén nhan manh tinh hgp phap,
chat lugng hgp déng va nang luc quan tri dugc coi la diéu kién tién
quyét dé hién thuc héa lgi ich xa hoi ctia du an ITS. Diém déng chu
y 1a nhém tu van-nha thau cé tri trung binh nhin chung thap hon va
dé léch chuén cao hon, ham y danh gia nhay theo béi canh du an,
dia phuong va co cau hgp déng cu thé.

K&t qua xép hang theo tiéu chi gitip nhan dién nhing “rai ro 16i"
cla giai doan trién khai PPP-ITS, gém: (i) rui ro vé chat lugng hop
déng va tranh chap phap ly; (ii) rai ro lién quan dén quan ly hop
déng hodc gidam sat muc tiéu; va (iii) rdi ro ky thuat do thiét ké gay
ra. Nhing rdi ro nay thudng xuat hién trong nhém uu tién cao trén
nhiéu tiéu chi thanh céng, cho thay ching khong chi la van dé tac
nghiép ma con la nat that trong cau truc cha viéc trién khai. Phat
hién nay cang khang dinh rang hgp déng va nang luc quén tri la cac
“ha tang mém” quyét dinh hiéu qua ctia PPP [37], [38].

Dua trén di liéu d6 léch chuan, cé thé xac dinh muc dé thuong
lugng can thiét khi phan bé rui ro. Nhiing rti ro c6 SD rat thap (vi

du, CS_LIXH2 cGia nhém ca quan nha nudc) thich hop dé chudn héa
quy trinh kiém soét va diéu khoan hgp déng. Ngugc lai, cac rliro c6
SD cao (vi du, CS_LIXH1 & nhém tu van-nha thau) phan anh su phu
thudc vao béi cdnh danh gia, c6 thé gay ra bt déi xiing théng tin;
do d6, can c6 ca ché minh bach dir liéu, diéu chinh diéu khoan linh
hoat va hé thng giai quyét tranh chap ré rang.

Vé mat quan tri, két qua dé xudt mot co ché uu tién rai ro dua
trén hai truc: truc quan trong (mean) va truc déng thuan (SD), déng
thdi lién két vdi tiéu chi thanh cong. Co ché nay hd trg cac co quan
nha nudc va cac doi tac PPP trong viéc xay dung ‘danh muc hanh
doéng’ dua trén muc d6 cap bach va can dam phan, qua dé nang cao
tinh nhat quén gitra muc tiéu chinh sach va qua trinh thuc thi du an.

6. KET LUAN

Nghién cttu nay da xép hang 15 yéu té rdi ro trong qué trinh trién
khai du &n PPP-ITS theo bén tiéu chi thanh cong: LIXH, HQNS, LINDT, va
PTBV. K&t qua cho thdy cac yéu t6 rui ro clia cac du an PPP-ITS khéng
phan b6 déu, ma tap trung vao nhém “rii ro 16i” anh hudng dén tat ca
cac tiéu chi, dac biét la: chat luong hgp dong dan dén tranh chap phap
ly, quan ly hgp déng va giam sat khéng hiéu qua, cung vdi sai sét ky
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thuat trong thiét ké. Bay la cac rdi ro mang tinh hé théng, tac dong cuing
luc dén hiéu qua tai chinh, tinh hop phap va tinh bén viing cda du an.
Phan tich theo tling tiéu chi cho thdy su khac biét trong cach cau tric
rti ro phan Uing. Hiéu qua ngan sach bi anh hudng I6n béi quan tri hop
déng va kiém soat thay déi ky thuat. Lgi ich nha dau tu phu thudc nhiéu
vao tinh 8n dinh cda chinh sach va khung hgp déng chat ché. Phat trién
bén viing lién quan nhiéu dén nang lyc thi cong-lap dat va kha nang
quan tri du an dai han. Biéu nay cho thdy rang thanh céng cta cac du
an PPP-ITS khong thé dat duoc chi bang viéc kiém soat mét loai rti ro
duy nhat, ma can c6 céch tiép can tich hop gitia cac yéu té phap ly, ky
thuat va quan ly tri.

Quan trong hon, so sénh gilta bang xép hang téng hgp va bang
x&p hang theo tiing nhém chuyén gia cho thay su khac biét dang ké
vé uu tién rai ro. Nhdm nha nghién clru c6 xu hudng nhan manh rui
ro vi mé-thé ché (6n dinh chinh séach, ciu tric hgp déng), trong khi
cac nhom co quan quan ly, doanh nghiép nha nudc va tu van-nha
dau tu-nha thau lai tap trung nhiéu hon vao rdi ro anh hudng truc
ti€p dén Igi ich xa hdi va tinh hgp phép trong trién khai. Diéu nay
khang dinh rang bang xép hang téng hgp tuy phan anh xu huéng
chung nhung khéng thé thay thé phan tich theo chl thé. Do dé,
quan tri rai ro cac du an PPP-ITS can dugc thiét ké trén co s& tham
van da bén, két hop hai chiéu danh gia: (i) muic d6 quan trong trung
binh cua rdi ro va (i) mdc d6 dong thuan hodc phan hoa gilra cac
nhom lgi ich. Cach tiép can nay khéng chi nang cao tinh minh bach
trong Iua chon mé hinh PPP ma con gép phan gidm thiéu xung dét,
tang kha nang chap nhan xa hoéi va ciing c6 tinh bén viing dai han
cla dy &n ha tang giao théng théng minh.
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Phan tich tac dong cua hoat dong kiém soat ké
hoach vén dén tién dé giai ngan vén dau tu cong
trong cac du an giao théng duong bé tai Viet Nam

Analyzing the impact of capital plan control activities on the disbursement progress of
public investment in road transport projects in Vietnam
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TGM TAT

Bai bao tap trung phan tich &nh hedng coa hoat dang kiém soat
k& hoach van dén tién da gidi ngan vin dédu tr cang trong cac
dur &n xay dung giao thang duang b tai Viet Nam. Trén co si ke
thira va diéu chinh cac nghién cou trude, 5 chi tigu (CTI-CTS)
duoc st dung dé do lwang mic da ki€m soat k& hoach vén, [am
bign ddc |ap trong ma hinh nghién ciu. Dit ligu so cép deoc thu
thap tir 136 mau khéo sat hop |8 dai dien cho cac ban quan ly
dur &n, co quan quén |y viin ddu tu, co quan ke hoach, co quan
tai chinh va Kiém toan Nha nuac. Kt qua phan tich hdi quy cho
thay ma hinh giai thich dvoc 42.4% su khac bigt trong tign da
gidi ngan (Adjusted R* = 0,424). Trong dé, 4 chi tieu CTI, CT2,
CT3, CT4 ca tac dong truc tiép va ca y nghia thing ke dén tien
dd giai ngan, dac bigt CTI va CTZ dang vai tra then chdt trong
viec theo dii tir khau lap, thdm dinh dén trién khai k& hoach
viin. Chi tigu CTS (hanh dong khéc phuc) chura cho thay tac
ddng tryc tiép dang ké nhing co anh heang gian tigp thang qua
viec nang cao higu qua he thing giam sat. Nghién ciru khang
dinh vai tro quan trong cioa viéc xay dung he thing kiém soat
k& hoach van toan dién, lien tuc, gén vai co ché phan hdi nhanh
dé nang cao higu qua giadi ngén vin dau tu cong.

Tir khaa: Kiém soat k& hoach vin; giai ngan vin dau tu cong;
giao thang duang ba; gidm sat - danh gig; hanh dang khic phuc.

ABSTRACT

This paper analyzes the impact of capital plan contral activities on
the disbursement progress of public investment in road transport
infrastructure projects in Vietnam. Building on and adapting previous
studies, five indicators (CTI-CTa) were employed to measure the
level of capital plan control and were used as independent variables
in the regression model. Primary data were collected from 136 valid
survey responses representing project management units, public
investment management authorities, planning agencies, financial
agencies and the State Audit Office. The regression results show that
the model explains 42.4% of the variation in disbursement progress
(Adjusted R? = 0.424). Four indicators CTI, CT2, CT3, and CT4 exert a
significant and positive directimpact on disbursement progress, with
CTl and CT2 playing the most crucial role by monitoring the process
from planning, appraisal and approval to project implementation.
The fifth indicator, CTa (corrective actions). does not have a direct
statistically significant effect but shows an indirect influence by
strengthening the overall monitoring and control system. The study
underscores the importance of establishing a comprehensive and
continuous capital plan control mechanism. combined with a rapid
feedback and corrective action process, to enhance the efficiency
of public investment disbursement.

Keywaords: Capital plan contro; public investment disbursement; road
transport infrastructure; monitoring and evaluation; corrective actions.
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1.DAT VAN PE

Gidi ngan von dau tu cong la mét trong nhitng nhiém vu trong
tdm trong quan ly ngan sach nha nudc, c6 anh hudng truc tiép dén
tién d6 thuc hién cac du an ha tdng va muc tiéu phat trién kinh té -
xa hoi [1]. Thyc tién & Viét Nam cho thay tién dé giadi ngan von dau
tu cong nhiéu nam chua dat ky vong, dac biét trong linh vuc giao
théng dudng bé - linh vuc chiém ty trong 16n trong téng vén dau tu
cong. Tinh trang cham gidi ngan khong chi lam téng chi phi du én,
kéo dai thai gian hoan thanh cong trinh ma con anh hudng dén kha
nang phat trién két cdu ha tang va hiéu qua st dung vén ngan sach.

Mot trong nhiing nguyén nhan quan trong dan dén cham giai
ngan la cong tac kiém soat k& hoach vén chua dugc thuc hién déng
bé, chua phat huy day du vai tro cla theo ddi, giam sat va danh gia.
Nhiéu du an chi tap trung vao khau lap ké hoach va phé duyét vén
ma thiéu co ché& giam sat lién tuc trong qua trinh trién khai, dan dén
phat hién sai l&ch muén va xt ly cham tré,

Nghién ctiu nay nham khac phuc khoang tréng néi trén bang
cach xay dung va kiém dinh mé hinh danh gia tdc dong cla hoat
déng kiém soat ké hoach vén (véi 5 chi tiéu CT1-CT5) dén tién do
gidi ngan vén dau tu cdng. K&t qua nghién ctu khéng chi giap dinh
lugng muic d6 dnh hudng cla tiing yéu t6 kiém soat ma con chira
vai trd ctia co ché phan héi, diéu chinh kip thdi, tir d6 dua ra cac ham
y chinh sach nham cai thién hiéu qua gidi ngan von dau tu cong
trong cac du an giao thong dudng bo tai Viét Nam.

2. PHUONG PHAP NGHIEN cUU

2.1. Khung nghién citu va mé hinh dé xuat

Nghién ctu nay tap trung dénh gid tac dong clia hoat dong
kiém soat k& hoach vén dén tién dé gidi ngan vén dau tu cong trong
cac du &n giao théng dudng bo. Trén ca s& téng hgp cac nghién cdu
trong va ngoai nudc [2-4] vé quan ly vén dau tu cong, quan ly du an
va kiém soat tién do, nhém tac gia xay dung khung nghién cdu véi 5
chi tiéu phan dnh muc dé kiém soat ké hoach vén, bao gém:

- CT1: Theo déi qua trinh 1ap, thdm dinh, phé duyét va trién
khai ké hoach vén;

- CT2: Theo déi toan b qua trinh thuc hién du an;

- CT3: Phat hién kip thoi cac khodn ng dong, that thoat hodc sir
dung v6n sai muc dich;

- CT4: Banh gid nguyén nhan cham gidi ngan, xac dinh trach
nhiém cla cac bén lién quan;

- CT5: Thyc hién cac hanh dong khac phuc va diéu chinh sai léch.

Cac chitiéu nay dugc st dung lam bién doc lap trong mé hinh
héi quy, véi gid thuyét nghién clu rding muc d6 kiém soat ké hoach
vOn cang cao thi tién dé gidi ngan cang dugc céi thién. Tién do gidi
ngan von dau tu cong dugc do ludng bang ty |é gidi ngan thuc té so
vGi ké hoach va muc dé dap ung tién doé theo thai gian.

2.2.Thu thép dif lidu

D liéu so cap dugc thu thap théng qua khao sat bang bang
héi cdu trac, tap trung vao cac can bo truc ti€p tham gia quan ly,
diéu hanh hodc giam sat von dau tu cdng trong linh vuc giao théng
dudng bd. Mau khao sat dugc phan bé hgp ly nham phan anh quan
diém cla nhiéu bén lién quan, bao gém: Ban quan ly du an (74
mau), co quan quan ly vén dau tu xay dung (29 mau), co quan ké
hoach (13 mau), ca quan tai chinh (7 mau) va Kiém toan Nha nudc
(13 mau). Sau qua trinh ra soat va lam sach dir liéu, thu dugc 136
mau hop lé.

Bang hoi dugc thiét ké véi thang do Likert 5 muc (tir 1 - Hoan
toan khéng déng y dén 5 - Hoan toan déng y) dé€ do ludng nhan
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dinh ctia ngudi tra I5i vé mic do thuc hién cac chi tiéu kiém soat ké
hoach vén va danh gia tién do gidi ngan. D€ bao dam tinh ro rang va
phu hgp bdi cadnh Viét Nam, bang hoi dugc thir nghiém sa bo trudc
khi ti€n hanh khao sat chinh thic.

2.3. Phuong phap phan tich

Dt liéu thu thap dugc xt ly bang phan mém SmartPLS 3.0. Cac
budc phan tich bao gom:

- Kiém dinh d6 tin cdy thang do bang Cronbach’s Alpha va hé
s6 tuong quan bién - t8ng (Corrected Item-Total Correlation);

- Phan tich nhan t6 khdam pha (EFA) nham xac nhan cau truc
cac chi tiéu quan sat;

- Phan tich héi quy tuyén tinh bdi dé xac dinh muic dé tac dong
clia tling chi tiéu kiém soét ké hoach vén dén tién do giai ngan.

3. KET QUA NGHIEN CUU VA BAN LUAN

Két qua phan tich héi quy (Hinh 1) cho thay mé hinh nghién
clu gidi thich dugc 42,4% su khac biét trong tién dé giai ngan vén
dau tu cong (Adjusted R® = 0,424), muc giai thich nay c6 y nghia
théng ké, khdng dinh rang hoat déng kiém soat k& hoach vén déng
vai trd quan trong trong viéc quyét dinh téc d6 giai ngan vén dau tu
cOng trong cac dy an giao thong dudng bo.

*Cdc yéu té c6 tdc dong truc tiép:

B6n chi tiéu CT1, CT2, CT3, CT4 phan anh nhém hoat déng
theo déi, kiém tra, gidm sat va danh gia (KS) cé su hoi tu tét, dat yéu
cau vé do tin cay Cronbach’s Alpha va Composite Reliability, chiing
minh rdng ching do ludng nht quan ban chat cta bién tiém &n KS.
Phan tich héi quy chi ra rang bién tiém an KS ¢6 tac dong truc ti€p,
tich cyc va c6 y nghia thong ké dén tién do gidi ngan von. Diéu nay
cho thay khi cong tac theo doi, kiém tra va giam sat dugc thuc hién
chat ché, kip thai, minh bach, tién dé giai ngan dugc cai thién ro rét.

DPac biét, CT1 va CT2 (theo dbi qua trinh 1ap, thdm dinh, phé
duyét va trién khai k& hoach vén, cling theo déi toan bé qua trinh
thuc hién dy an) la hai chi tiéu c6 hé s6 tac ddng cao nhat. K&t qua
nay ham y rang quan ly t6t giai doan dau (lap, phé duyét va trién
khai) va duy tri giam sét lién tuc trong qua trinh thuc hién du an c6
vai trd quyét dinh dé tranh 4ch tac, cham gidi ngan. CT3 va CT4 lién
quan dén viéc phat hién va xt ly ng dong, that thoat va danh gia
nguyén nhan cham tré, giiip nang cao tinh minh bach va gidm thiéu
Iang phi, ciing gép phan cai thién tién do.

*Vai tro cta chi tiéu CT5:

Chi tiéu CT5 (thuc hién hanh dong khac phuc va diéu chinh sai
l&ch) c6 anh hudng gian tiép dén tién d6 giai ngan théng qua bién
KS, nghia la CT5 tac dong cha yéu bdng cach nang cao hiéu qua
giam sat, kiém tra va thic ddy hanh dong khac phuc kip thai. Diéu
nay gagiy rang viéc thiét [ap quy trinh phan héi nhanh khi phat hién
sailéch |a yéu t6 then chét dé bao dam ké hoach von dugc thuc hién
dung tién do.

Két qua nghién cliu cho thdy céng tac kiém soét k& hoach vén
€6 dnh hudng dang k& dén hiéu qua giai ngan. Khi cac quy trinh theo
dbi, giam séat dugc trién khai bai ban, c6 hé théng, viéc phat hién sém
sai léch va dua ra bién phap xt ly kip thdi gitp gidm thiéu cham tré va
nang cao hiéu qua st dung vén. Két qua nay phu hgp vai cac nghién
clu quéc té vé quan ly du an [3, 4], trong d6 nhan manh vai trd cda
gidm sat - kiém soat nhu mét tru cot trong quan ly du an nhdm dam
bao cac muc tiéu vé thaoi gian, chi phi va chat lugng.

Ngoai ra, két qua nghién ctiu ggi y rang chi kiém soét thu déng
la chua du; can cé co ché phan hoi va hanh déng diéu chinh nhanh
(CT5) dé khép kin vong kiém soat. Diéu nay dac biét quan trong
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trong bdi cdnh du 4n giao théng dudng bé thudng c6 quy mé Ién, nhiéu bén tham gia va chiu rdi ro thay déi vé gia ca, nguén vén. Viéc b
sung ca ché xut ly sai léch gitp han ché kéo dai thdi gian diéu chinh, gidm thiéu tinh trang cham giai ngan do thi tuc phc tap.

Nhin chung, mé hinh nghién ctu da chi ra tdm quan trong clia mot hé théng kiém soat ké hoach vén déng bé, trong d6 bao gém theo
déi lién tuc, giam sat chat lugng, danh gia dinh ky va hanh déng khac phuc nhanh chéng. Day 1a co s& dé kién nghi cac gidi phap hoan thién
cd ché kiém soat nham thuc day tién dé gidi ngan vén dau tu cong trong linh vuc giao théong dudng bo.

CT5
0.573 (0.000) (CT5) -0.146 (0.118)
CT
—“'\--._,
14.801
CT2
#=75.850 0.720 (0.000)
440635
CT3
25.903
4*.""
CT4 Theo déi, ki€m Ti€én dd giai ngan
tra, giam sat, vdn
danh gia DADT
Hinh 1. M6 hinh anh huéng
4, KET LUAN chinh kip thai;

Nghién ctu nay da kiém dinh mé hinh anh hudng cta hoat
déng kiém soat ké hoach vén dén tién dé giai ngan vén dau tu cong
trong cac du én xay dung giao thong dudng bé tai Viét Nam. Két qua
hoi quy cho thay mo hinh giai thich dugc 42,4% su khac biét trong
tién d6 giai ngan (Adjusted R* = 0,424), trong d6 cac chi tiéu CT1,
CT2, CT3, CT4 c6 tac dong truc tiép, tich cuc va c6 y nghia théng ké
dén tién do giai ngan. Dac biét, CT1 (theo déi qua trinh lap, tham
dinh, phé duyét, trién khai k& hoach vén) va CT2 (theo déi toan bd
qua trinh thuc hién du an) c6 hé s tadc ddng cao nhat, khang dinh
vai trd then chét clia gidm sat lién tuc tir giai doan chudn bi dén
trién khai thuc hién. Chi tiéu CT5 (hanh déng khic phuc) chua cé
tac dong truc tiép dang ké, song déng vai trd hé tro gian tiép, ggi
y can cai thién cg ché phan héi va diéu chinh kip thai khi phat hién
sai léch.

*Ham y chinh sdch:

Két quad nghién clu cho thdy, muén ddy nhanh tién dé gidi
ngan von dau tu cong, can thiét lap hé théng kiém soat ké hoach
vén toan dién va lién tuc. Cu thé:

- Tang cudng theo doi ngay tir giai doan lap va phé duyét ké
hoach v8n nham phat hién sé6m cac vudng mac vé thu tuc, bdo dam
ké hoach sat thuc té va kha thi;

- Duy tri cd ché giam sat dinh ky trong sudt qua trinh thuc hién
du an, ing dung cdng nghé sé dé theo déi tién dé theo thai gian
thuc, kip thai cdnh bao khi cé nguy ca cham tré;

- Hoan thién co ché danh gia nguyén nhan cham giai ngan
va yéu cau bao cao cong khai, minh bach, tir d6 cé gidi phap diéu

- Thiét lap quy trinh hanh déng khac phuc nhanh (CT5) v6i
tham quyén ré rang dé x(r ly ngay cac sai léch, tranh kéo dai dan dén
cham giai ngan;

Viéc ap dung dong bo cac gidi phap trén khéng chi céi thién
hiéu qua giai ngan vén dau tu cdng ma con nang cao trach nhiém
gidi trinh, han ché that thoat, Iang phi va tao niém tin cho xa hoi vao
cbng tac quan ly dau tu cong.

* Nghién cuu trong tuong lai cé thé mé réng theo cdc huéng:

- B8 sung cac bién quan sat phan anh chat lugng hé théng
théng tin quan ly va muc dé minh bach dir liéu gidi ngan dé danh
gia tac dong sau hon dén tién doé gidi ngan;

- Két hgp phan tich dinh tinh (phong van sau, nghién ctu tinh
huéng) nham lam rd co ché tac dong cta CT5 va dé xuat giai phap
hoan thién quy trinh phan héi - diéu chinh.

TAI LIEU THAM KHAO

[1]1 D4 Van Thuan va Nguyén Luong Hai. Danh gid hiéu qua diéu hanh ké hoach von
dau tu cdng trong xdy dung co s& ha tang giao thdng tai Viét Nam. Tap chi Xay dung, s6 12,
tr.213-215, 2025.

[2] Trdn Tudn Phong va Nguyén Luang Hai. Xay dung cdc chi tiéu danh gia hoat ddng
kiém soat von dau tu cong xay dung cng trinh giao thong tai Viét Nam. Tap chi Xay dung,
50 8, tr. 120-122, 2025.

[3] British Standard. Project Management - Guide to project management, BS
6079-1996, (in eng), Publisher BSI 1996, 1996.

[4] PMBOK and Guide. A Guide to the Project Management Body of Knowledge, (in
eng), 5th Edition. Project Management Institute 2013, Inc., 2013.

ISSN 2734-9888 | 05.2026 XAYDUNG |255



NGHIEN CUU KHOA HOC

ENgay nhan bai: 16/3/2026 EMNgay sta bai: 24/3/2026 BMNgay chap nhan déng: 06/4/2026

Mot s6 van dé vé t6 chuc giao théng bang vach
son, bién bao tren duong 6 to cao téc 6 Viet Nam

ssues in traffic organization using pavement markings and traffic signs on expressways

in Vietnam
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TGM TAT

Bai bao chi ra réng he thdng td chic giao thang bing vach
son, bién bao trén dudng cao tdc doan co ban, nat giao trén
céc duing cao toc & Viet Nam con tdn tai nhiéu bat cap, chua
théing nhét giira cac dwéng cao tdc vai nhau cing nhu gitra céc
doan cia cung mat tuyén dudng cao tdc. Bai bao cing dé xuat
mdt sd gidi phap nhdm nang cao tinh ddng bd va hiéu qué coa
hé théing bao hiu giao thang trén dudng cao tdc. Cy thé, cén
thurng xuyén ra soat, cap nhat cac quy chudn ki thuat qudc gia
vé bao higu dwang ba, dang thai kiém tra va thay thé cac bién
béo, vach son da cii hodc khang can ph hop trén céc tuyén dang
khai thac. Bén canh da, can xay dung hwdng dén thigt ké hodc ba
thigt k& dién hinh vé td choc giao thong trén duang cao tdc, dic
biet tai cac doan co ban va khu vuc nat giao, nhdm dam béo &p
dung thaing nhét trong thigt k& va quan |y khai thac.

Tir khéa: Duirng a to cao tdc; nut giao; td chire giao thang; vach
son; bién béo.

ABSTRACT

This paper indicates that the traffic control system based on
pavement markings and traffic signs on basic freeway segments
and interchanges of expressways in Vietnam still presents several
shortcomings. In particular, the organization of traffic control
devices is not yet consistent among different expressways,
nor among different sections of the same expressway corridor.
RBased on these findings, the paper proposes several measures
to improve the consistency and effectiveness of traffic control
systems on expressways. Specifically, it is necessary to regularly
review and update the national technical standards for road
tratfic signs and markings, while also inspecting and replacing
outdated or non-compliant signs and pavement markings on
existing expressways. In addition, the development of design
guidelines or standard design templates for traffic organization
on expressways, particularly for basic segments and interchange
areas, is recommended to ensure consistent application in design,
construction and operational management.

Keywords: Expressway; interchange; traffic organization;
pavement markings; traffic signs.

1. DAT VAN BE

Hé théng bién béao chidan trén dudng cao toc &Viét Nam da cé
nhiéu thay déi qua cac giai doan tiéu chuan va quy chuén ky thuat.
Sau khi tiéu chudn nganh 22 TCN 237-01 [1], 22 TCN 331-05 [2] dugc
ban hanh va ap dung trong mét thai gian dai, hé théng bién bao chi
dan cao téc da dugc cap nhat va hoan thién trong QCVN 83:2015/
BGTVT [3], danh dau budc diéu chinh dau tién déi véi hé théng
bién bao danh riéng cho dudng cao téc. Sau d6, cac quy dinh lién
quan tiép tuc dugc ra soét, chinh slra va tich hgp trong céc phién
ban QCVN 41:2016 [4], QCVN 41:2019 [5] va gan day nhét 1a QCYN
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41:2024 [6], trong d6 Chuang 9 quy dinh chi tiét vé hé théng bién
chi dan trén dudng cao téc, ddc biét tap trung vao té chiic théng tin
tai cac khu vuc 16i ra va I18i vao cta tuyén. Cac bién bao trong QCVN
41 cd ban tuan tha Céng udc Vién 1968 [71.

Mac du hé théng quy chuidn ky thuat quéc gia vé bao hiéu
dudng b6 da dugc ban hanh va tuing budc hoan thién thdong qua
céc |an cap nhat ctia QCVN 41, tuy nhién trong thuc té viéc t6 chic
giao théng trén cac tuyén dudng cao toc & Viét Nam van con ton tai
moét s6 han ché nhat dinh. Nhiing han ché nay cha yéu lién quan
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dén viéc ap dung hé théng bién béo va vach ké dudng chua that su
théng nhat va dong bo trén toan mang ludi cao téc. Trén thuc té, do
nhiéu tuyén cao t6c dugc dau tu va xdy dung trong cac giai doan
khac nhau, dugi sy quan ly cla cac cha dau tu va don vi khai thac
khac nhau, nén viéc &p dung quy chuén bao hiéu giao théng déi khi
chua déng nhat, dan dén su khac biét trong cach b6 tri bién bao,
ky hiéu va vach ké dudng gilta cac tuyén. Bén canh dé, ngay trong
pham vi cing mét tuyén cao t8c, su dong bo vé té chiic giao théng
cling chua dugc dam bao hoan toan, dac biét tai cac doan tuyén
dugc xay dung hodc dua vao khai thac & cac thai diém khac nhau.
Ngoai ra, mét s6 tuyén cao téc cl van chua dugc cap nhat day da
theo céac quy dinh méi ciia QCVN 41, dan dén tinh trang hé théng
bdo hiéu chua phiu hgp vai diéu kién khai thac hién nay, tir dé co
thé& gay khé khan cho ngusi tham gia giao théng va anh hudng dén
muc d6 an toan khi luu théng trén dudng cao téc.

Do d9, viéc ra soat, chuadn hoéa va déng bd hoa hé théng bao
hiéu giao thoéng theo cac quy chuin hién hanh la mét yéu cau can
thiét nhdm nang cao chat lugng té chuc giao théng va ddm bao an

d) - Cao téc Bdc Giang - Lang Son
Hinh 1. B6 tri bién bao c6 dinh kiém soat téc d6, phan lan duting trén cao téc

toan cho ngudi tham gia giao thong trén cac tuyén dudng cao toc.

2. MOT SO BAT CAP VE TG CHU'C GIAO THONG BANG VACH
SON, BIEN BAO TREN DPOAN CO BAN CUA PUONG CAO TOC

Hién nay, viéc kiém soat téc d6 trén cac tuyén dudng cao téc &
Viét Nam ch yéu dugc thuc hién théng qua hé théng bién béo ¢
dinh, dién hinh |a bién IE.452 va cac bién P.127 két hgp véi R.306 dé
quy dinh t6c do t6i da va t6i thi€u cho phuong tién. Tuy nhién, khao
sat thuc té€ cho thdy viéc bé tri cac bién ki€ém soat téc d6 trén mot
sO tuyén cao téc van chua thong nhat va dong b vé quy cach cling
nhu vi tri Idp dat (Hinh 1). Bén canh dé, tai mot s6 tuyén con xuat
hién tinh trang bé tri bién béo trung lap, lam gidm tinh hop ly cla
hé théng bao hiéu giao théong. Chang han, trén tuyén Ha Noi - Hai
Phong (CT.04), mdc du da bé tri bién IE.452 cho tiing lan xe nhung
phia trudc van dat thém cap bién P.127 va R.306, dan dén viéc l3p
lai thong tin khéng can thiét. Ngoai ra, trén mot s6 tuyén cao téc
dugc xay dung tU giai doan trudc nhu Phap Van - Cau Gié va Cau
Gié - Ninh Binh, hé théng bién bao da cii va chua dugc cap nhat
theo quy chuan méi.

¢) - Cao téc Cdu Gié - Ninh Binh

e) - Cao téc Mai Son - QL45

Bén canh hé théng bién bao cé dinh, QCVN 41:2024 (Piéu 14) cling quy dinh vé bién bao giao théng c6 théng tin thay déi (VMS), cho
phép hién thi va cap nhat théng tin giao théng theo thdi gian thuc nhu tinh trang luu théng, tai nan, thai tiét bat loi hodc khuyén nghi diéu
tiét giao théng. Tuy nhién hién nay, viéc trién khai VMS trén cac tuyén cao téc & Viét Nam van con han ché, mdi chi xuat hién trén mot s
tuyén nhu Ha Noi - Hai Phong (CT.04), Bac - Nam phia Déng (CT.01) va Bién Hoa - Viing Tau (CT.28) (Hinh 2). Ngoai ra, khoang cach bé tri gitra
céac bién VMS con kha 16n, chua bdo ddm mat dé can thiét € cung cap théng tin lién tuc, lam gidm hiéu qué cta hé théng trong viéc truyén

tdi thong tin giao thong theo thai gian thuc.

a) - Cao téc Ha Ngi - Hai Phong b) - Cao t6c QL45 - Nghi Son

Hinh 2. Bién bao VMS trén mot s tuyén cao téc 6 Viét Nam

d) - Cao téc Bién Hoa - Viing Tau
(nguén: google maps)

¢) - Cao t6¢ Phdp Van - Cdu Gié
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Trén doan cc ban, mot s6 bién théng tin con dugc st dung d€ nhac nhé ngudi lai xe duy tri khoang cach an toan (KCAT) gilta cac phuang
tién, gép phan nang cao y thuic va ddm bao an toan khi luu thong & téc dd cao. Mot s6 bat cap lién quan dén t6 chiic bao hiéu vé KCAT trén
dudng cao téc hién van tén tai trong thuc t& (Hinh 3). Truc hét, QCVN 41:2024 chua quy dinh cu thé vé quy céach cac bién chi dan ghi khoang
cach ngan (0 m, 50 m, 100 m...), mac du loai bién nay da dugc b6 tri trén mot s tuyén cao toc, do d6 can dugc chudn hoa dé ap dung théng
nhat. Bén canh d6, hé théng bién bao va vach son chi dan KCAT hién chid yéu dugc bé tri tai vi tri b4t dau dudng cao té¢, trong khi mat d6 bé
tri doc tuyén chua dugc quy dinh théng nhat. G mét s vi tri con xuat hién tinh trang bé tri bién IE.471 nhung khong kém theo hé théng vach
son hodc bién chi dan khoadng cach, lam gidm hiéu qua cung cap théng tin. Ngoai ra, KCAT dugc thé hién trén mét s tuyén chua théng nhat
gilia cac tuyén co cung téc dé khai thac, tham chi chua phu hgp vai quy dinh tai Thong tu 38/2024/TT-BGTVT [8]. Déng thdi, mét s tuyén
vach 7.8 chua dugc cap nhat theo quy dinh hién hanh ctia QCVN 41:2024.

L . ] b) - KCAT 50 m trén tuyén cao téc ¢) - KCAT 50 m trén tuyén cao téc Cdu
a) - Chua b6 tri bién khodng cdch, Dién Chau - Béi Vot (tSc d6 khai thdc Gié - Ninh Binh (téc d6 khai thdc t6i
vach 7.8 t6i da 90 km/h) da 120 km/h)

d) - KCAT 100 m trén tuyén cao t6c Ha e) - Vach 7.8 sai quy cdch
NGi - Hai Phong (téc d6 khai thdc t6i

da 120 km/h) (nguén: google maps)

Hinh 3. Mt s6 ton tai vé hé thong thdng tin KCAT trén cao toc

Trén doan cd ban can bé tri cac vi tri quay dau khan cap tai dai phan cach (DPC) gilta, nham phuc vu cho cac phuong tién chiic nang nhu
xe cliu hé, xe tuan tra hodc phuang tién xu ly su ¢é ti€ép can hién trudng nhanh chéng. Tuy nhién trén thuc té, hé théng DPC di déng tai cac
vi tri quay dau khdn cap hién chua dugc tiéu chudn héa, ton tai nhiéu loai két cau va phuong thuc Idp dat khac nhau (Hinh 4). Trong mét s6
trudng hop, viéc thao 13p con phiic tap va mat nhiéu thai gian, lam gidm hiéu qua st dung va dnh hudng dén kha nang phan tng nhanh clia
lyc lugng chiic nang khi xay ra su ¢é trén tuyén cao toc.

¢) - DPC di dong dang tén lugn séng

d) - DPC di d@dng dang ltia xép e) - DPC di déng dang hén hop
Hinh 4. Céc dang DPC di ddng st dung tai vi tri quay dau khan cap
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3. MOT SO BAT CAP VE TG CHUC GIAO THONG BANG VACH SON, BIEN BAO TAI CAC NUT GIAO TREN PUONG CAO TOC

Tai khu vuc nut giao trén dudng cao t6c, mat dé bién bao thudng 16n, do d6 viéc bé tri hop ly nhdm dam bao tdm nhin va tranh che
khuat 13n nhau la rat can thiét dé ngudi diéu khién phuong tién nhan biét théng tin kip thai khi di chuyén véi téc dé cao. Tuy nhién, trén mot
s6 tuyén cao téc hién nay, viéc |ap dat bién bao tai nut giao van chua hgp ly, dan dén tinh trang che khuat hodc chéng 13n thong tin. Tinh
trang nay cé thé quan sat tai nut giao trén tuyén Long Thanh - Dau Giay va Mai Son - QL45 (Hinh 5), noi mét sé bién bao dugc bé tri chua téi
uu, anh hudng dén kha nang quan sat clia ngudi tham gia giao théng.

Hinh 5. Bién bdo che khudt Idn nhau

Theo QCVN 41:2024, trudc khi dén nut giao trén dudng cao t6c can b tri bién IE.454 dé chi dan khoadng cach dén I6i ra phia trudc. Tuy
theo quy mé nut giao, c6 thé bé tri mot bién cach nat 1,0 km hodc hai bién lan lugt cach 2,0 km va 1,0 km. Tuy nhién, quy dinh nay trong thuc
té dan dén su khéng théng nhét trong viéc bé tri bién IE.454 giiia cac tuyén. Vi du trén tuyén Bac Giang - Lang Son (CT.03), hai nat giao Met
va Vi cé quy mé tuang tu nhung cach bé tri bién khac nhau (Hinh 6). Ngoai ra, tai mét s6 tuyén, bién IE.454 con dugc ddt qua xa nut giao,
nhu trén Dai |6 Thang Long (4,5 km) va tuyén Nghi Son - Dién Chau (3,0 km), lam gidm hiéu qué cung cap théng tin cho ngudi tham gia giao
thong (Hinh 7).

-

Hinh 7. Bién IE.454 d&t qué xa nit Hinh 8. Bién IE.454 cii, sai quy cach
Bén canh d6, mot s6 tuyén cao toc van sir dung hé théng bién chi dan cii, khong ding quy cach clia quy chudn hién hanh (Hinh 8). Can
phai ra soat, cp nhat loai hinh bién dé dadm bao tinh théng nhat trén toan tuyén ciing nhu théng nhat véi cac tuyén khac.

Cac nhanh ra ctia dudng cao téc thudng cé quy moé nhé hon, ban kinh cong nhé, téc do khai thac thap hon so véi tuyén chinh. Vi vay,
viéc kiém sodt téc d6 trudc khi phuong tién di vao nhanh ra la can thiét. Tuy nhién, kho sat thuc té cho thdy viéc té chiic kiém soét téc do tai
cac nhanh ra trén cac tuyén cao té¢ hién nay chua théng nhat. Cu thé, tai mét s6 tuyén nhu Phan Thiét - Dau Gidy (Hinh 9a), khu vuc nhanh
ra chua b tri gidi phap kiém soat t6c do ro rang, trong khi 8 mét s6 tuyén khéc chi sir dung bién cdnh bao W.245 “Di cham” (Hinh 9b), nhung
khéng cung cap théng tin cu thé vé téc do khai thac an toan clia nhanh ra. Ngoai ra, mot s6 tuyén ap dung hé théng bién han ché téc do P.127
gidm dan theo tiing c&p nhung khéng kém bién phu S.509 dé xac dinh pham vi 4p dung cho nhanh ra (Hinh 9c¢), dé gay hiéu nham ring gidi
han t6c d6 &p dung cho toan bd doan tuyén. Trong mét s trudng hgp khac, bién R.301d dugc bé tri két hgp véi bién P.127 (Hinh 9d), c6 thé
khién ngudi diéu khién phuaong tién hiéu rang bat budc phai ré phai tai vi tri d6. Trong khi d6, mét s tuyén cao t6¢ 4p dung phuong én gidm
dan téc d6 bang bién P.127 két hgp bién phu $.509 ghi chd “Léi ra” (Hinh 9e) - day la cach bé tri hop Iy hon ca.

a) - Khong kiém sodt téc d6 b) - Chi bé tri bién Bi cham ¢) - BG tri bién P.127 nhung khong c6 bién phu
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d) - B6 tri bién P.127 kém bién hiéu lénh R.301d e) - B& tri bién P.127 kém bién phu 5.509

Hinh 9. Céc bién kiém soat tdc do tai I6i ra (nguén: google maps)

Dé chi dan dia danh tai cdc nhanh ra, QCVN41:2024 quy dinh tai dai phan nga ba clia nhanh ré bé tri bién IE.464b. Tuy nhién hién nay,
nhiéu tuyén dudng cao téc chua b6 tri bién nay (Hinh 10a) hodc b6 tri khéng dung vi tri (Hinh 10b).

a) - Khéng bé tri bién IE.464b b) - Bién IE.464b b6 tri sai vi tri

Hinh 10. Chua b tri hodc b tri chua hap Iy bién IE.464b (ngudn: google maps)

Tai cac vi tri tdch va nhap lan trén dudng cao to¢, cac vach son kénh hoa (vach 4.2) thudng dugc bé tri tai ddu mdi tach - nhap nham dinh
hudng va phan tach cac dong giao théng. Tuy nhién, trén mot s6 tuyén cao téc, viéc bo tri cac vach nay chua hgp ly, gdy khé khan cho ngudi
tham gia giao théng khi thuc hién thao tac tach, nhap lan (Hinh 11a). Bén canh d6, trong diéu kién phuang tién di chuyén véi téc d6 cao, dic
biét vao ban d&ém hoac khi tdm nhin han ché, viéc tang cudng khé nang nhan dién khu vuc kénh héa la rat can thiét. Thuc té cho thay, viéc t6
chuic bao hiéu tai cac vj tri nay con chua théng nhat giira cac tuyén, khi nhiéu noi chi sit dung vach son phan quang, trong khi mot sé vj tri da
b6 sung dinh phan quang hodc coc tiéu mém phan quang (Hinh 11b, ¢, d).

a) - Vach son kénh héa khéng hop ly b) - Vach son kénh héa khéng bé tri thiét
(nguén: google maps) biphadn quang
Hinh 11. Vach kénh hda tai vi tri tach, nhap lan
Theo QCVN 41:2024, trudc khi @én vi tri nhap lan can bé tri cac bién IE.467a, IE.467b bén phai Ié dudng cao téc nham canh béao cho
phuong tién trén tuyén chinh vé khu vuc cé xe nhap vao cao téc. Tuy nhién, trén thuc té, nhiéu tuyén cao téc chua bd tri day da cac bién nay
trudc vi tri nhap lan (Hinh 12a). § mét s6 trudng hop, bién IE.467a lai dugc dat trén doan tang téc ctia nhanh nhap 1an (Hinh 12b), chua phi
hagp véi muc dich cdnh bao cho phuaong tién trén tuyén chinh. Ngoai ra, tai nhiéu vi tri khoang cach gilia bién IE.467b va IE.467a con qua gan
nhau (Hinh 12¢), lam gidm hiéu qua cung cap théng tin cho ngudi tham gia giao thong.

¢)-B6tricoctiéumémtrénvachkénh d) - B6 tri dinh phan quang trén vach
héa (ngudn: google maps) kénh héa

a) - Khéng bé tri bién nhdp lan b) - Bién nhdp lan ddt sai vi tri c) - Bién IE.467b bé tri qud gdn bién IE.467a

Hinh 12. BG tri bién IE.467a,b tai vi tri nhap lan

Theo QCVN 41:2024, tai vi tri bt dau cao téc tir nit giao can 13p dat bién IE.452 chi dan bit dau dudng cao téc két hgp vai bién IE.465
chi dan dia diém va khodng cach. Tuy nhién, khao sét thuc té cho thay trén nhiéu tuyén cao téc viéc bé tri cac bién nay chua day du va chua
théng nhat: Mot sé vi tri chua I3p d3t theo quy dinh (Hinh 13a, b), mot s tuyén van st dung bién ci khéng dung quy cach (Hinh 13c) hodc
Iua chon loai bién chua phl hgp, nhu st dung IE.455 thay cho IE.465 (Hinh 13d). Nhiing bat cdp nay lam gidm hiéu qua cung cip théng tin va
tinh théng nhat cda hé théng bao hiéu trén dudng cao toc.
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a) - Thiéu bién IE.452 va IE.465 b) - Thiéu bién IE.465
Hinh 13. Vi tri bt dau cao tdc tit nhanh nhép lan

¢) - Bién cd, sai quy cdch d)- Strdung bién chua phii hop

Tai cac tuyén két ndi vao nuat giao dudng cao téc, viéc b6 tri hé théng bién chi dan c6 vai trd quan trong trong viéc cung cap théng tin
dinh huéng cho ngudi tham gia giao thdng khi tiép can 16i vao cao téc. Cac bién thudng st dung gém IE.450a,b (chi dan so d6 va khoang
cach dén nut giao véi dudng dan vao cao téc) va IE451a,b (chi dan 16i vao va khoang cach dén 16i vao cao toc). Tuy nhién, khao sat thuc té
cho thay, tai nhiéu nut giao, viéc bé tri cac bién nay chua day dt hodc chua hop Iy (Hinh 14). Mét s8 vi tri chua lap dat bién IE.450b, trong khi
& cac vi tri khac bién IE.451b dugc dat két hgp vai bién cdm phuaong tién ngay trudc vi tri ré, dé gay hiéu nham vé pham vi ap dung. Ngoai ra,
6 trudng hgp bé tri hai bién IE.451b trén cac nhanh vao cao téc nhung khéng kém bién chi dan huéng di (IE.464), lam thiéu théng tin dinh

huéng can thiét.

a) - Thiéu bién IE.450b

4, KET LUAN, KIEN NGHI

Qua qua trinh khao sat va danh gia, bai bao da chi ra mét sé
bat cap trong t8 chuc giao théng bang hé théng bién bao va vach
son trén cac tuyén dudng cao téc, dac biét tai doan co ban va khu
vuc nat giao. Nguyén nhan clia cac ton tai nay c6 thé do mét sé quy
dinh trong quy chudn ky thuat hién hanh con chua day dd, hé théng
bién bao va vach ké dudng trén nhiéu tuyé&n chua dugc cap nhat kip
thai theo quy chudn mdi, d6ng thdi qué trinh thiét ké va thi céng do
nhiéu dan vi khac nhau thuc hién trong khi chua cé huéng dan hoéc
thiét ké dién hinh théng nhat.

Tu dé, bai bao dé xuat mét sé kién nghi nham nang cao tinh
déng bé va hiéu qua ctia hé théng bao hiéu giao théng trén dudng
cao téc. Cu thé, can thudng xuyén ra soét va cap nhat cac quy chuén
ky thuat quéc gia vé bao hiéu dudng bo; t8 chic kiém tra, thay thé
céac bién bao va vach son da ch hodc khoéng con phu hap trén cac
tuyén dang khai thac; déng thdi xay dung cac huéng dan hoac thiét
ké dién hinh vé t8 chuic giao théng trén dudng cao to¢, dic biét tai
cac doan ca béan va khu vuc nut giao, nham dam bao ap dung théng
nhat trong thiét k&, thi cdng va quan ly khai thac.
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Nghién cuu cac yéu t6 anh huéng dén hanh vi lua
chon xe may dién ctia nguci dan TP Ha N6i

Research on factors influencing the electric motorcycle choice behavior of residents in

Hanoi City
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TlM TAT

Trong bdi canh Ha Nai dang trién khai cac chinh sach han che
phuong tién st dung nhién ligu hoa thach, xe may dién duge xem
|3 giai phap quan trong nhdm phét trién giao thang bén viing.
Nghién ciru nay nhdm xéc dinh cac yéu td anh hedng dén hanh
vi lya chon xe may dién cia nguai dan TP Ha Nai. Két qué cho
thay hanh vi lra chon xe méy dién chiu &nh hedng bai cac nham
yeu td chinh gom: Y&u td kinh t& - tai chinh, tam |y - nhan thoc,
mdi trudrng - chinh sach va y&u td ca nhéan. Trong da, yéu td kinh
té va nhan thoc ve loi ich co tac dang manh nhat. Trén co sd
da. nghién ciru dé xuét cac giai phap nham thic ddy qué trinh
chuyén ddi phiong tien ca nhan theo huang xanh tai Ha Nai.

Tir khéa: Xe may dién; hanh vi lya chon; giao thang xanh.

ABSTRACT

In the context of Hanoi's ongoing policies to restrict fossil fuel-
powered vehicles, electric motorcycles are considered a crucial
solution for sustainable transportation development. This study aims
to identify factors influencing the choice of electric motorcycles
among Hanai residents. The results show that the choice of electric
motorcycles is influenced by several main groups of factors:
Economic and financial factors, psychological and cognitive factors,
environmental and policy factors and personal factors. Among
these, economic factors and perceived benefits have the strongest
impact. Based on this, the study proposes solutions to promote the
transition to green personal transportation in Hanoi.

Keywords: Electric motorbikes; choice behavior; green
transportation.

1.DAT VAN PE

Véan dé 6 nhiém moi trudng va un tic giao thong tai cac do thi
I6n, dac biét la Ha Néi dang tré nén ngay cang nghiém trong. Nhdm
gidm thi€u phat thai va hudng téi phat trién bén vimng, Chinh phu va
chinh quyén TP Ha Noi da ban hanh nhiéu chinh sach khuyén khich
st dung phuong tién giao thong st dung nang lugng sach, trong
d6 xe mdy dién déng vai tro quan trong. Do d6, viéc nghién clu cac
yéu t6 anh hudng dén hanh vi lua chon xe may dién ctia ngusi dan
la can thiét nham cung cép co s khoa hoc cho viéc xay dung chinh
sach va gidi phap phu hop.

2.T6NG QUAN TINH HINH NGHIEN CUU

2.1. Co'sé ly thuyét va cac nghién ciu lién quan

Hanh vi lua chon phuong tién giao thong ca nhan, dac biét la
phuong tién s dung nang lugng sach nhu xe may dién, chiu tac
déng cta nhiéu nhom yéu té: Kinh té, tam Iy, xa hoi va chinh sach.

VE ly thuyét, moé hinh Theory of Planned Behavior (TPB) cho
rang hanh vi dugc quyét dinh baéi y dinh, trong dé y dinh chiu anh
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hudng bai thai do, chudn muc xa hoi va nhan thic kiém soat. Bén
canh d6, Technology Acceptance Model (TAM) nhan manh vai trd
cla nhan thiic vé tinh hiru ich va tinh dé st dung.

Cac nghién cuu chi ra rang, chi phi, Igi ich méi trudng va chinh
sach hé trg la cac yéu té thuc day chinh; nguoc lai, chi phi dau tu
cao, han ché ha tang la nhiing rao can Ién. Ngoai ra, yéu t6 tam ly va
nhan thic déng vai trd quan trong nhung khéng di manh néu diéu
kién kinh té va tién ich chua dap Ung.

Téng hgp cac nghién cdu cho thay hanh vi lya chon xe may
dién chiu anh hudng cta cac yéu t6 kinh t€, tam ly, xa hoi va chinh
sach. Vi vay, nghién ctu nay nham xay dung mé hinh t8ng hgp cac
yéu t6 dnh hudng, lam ca s& cho dé xuat chinh sach phat trién giao
théng bén viing tai Ha Noi.

2.2. M6 hinh nghién ctu

Ké thira cac mé hinh ly thuyét nhu TPB va TAM va tham khao
cac két qua nghién ctu thuc nghiém, nghién ctiu dé xuat moé hinh
phan tich cac yéu té anh hudng dén hanh vi lya chon xe may dién
clia nguoi dan tai Ha No6i. M6 hinh dugc xay dung theo huéng tich



www.tapchixaydung.vn

hgp céac yéu té ndi tai va yéu t6 bén ngoai nham phan anh toan dién
hanh vi ngudi tiéu dung trong diéu kién thuc tién. Cu thé: Cac nhom
yéu t8 phan anh cac dic diém vé nhan khiu hoc va théi quen di
chuyén cia ngudi st dung nhu dé tudi, thu nhap, nghé nghiép va
tan suat st dung phuong tién. Cac yéu t6 nay anh hudng dén kha
nang ti€p can va nhu cau st dung xe may dién.

M6 hinh nghién ctu dugc st dung lam co s& dé xay dung
thang do, thiét ké bang héi va kiém dinh cac mai quan hé gilra cac
bién théng qua cac phuong phap phan tich dinh lugng trong phan
tiép theo.

3. PHUONG PHAP NGHIEN cUU

3.1.Thu thap dit liéu

Dt liéu nghién ctu dugc thu thap théng qua khao sat bang
bang héi cau trac déi véi ngudi dan dang sinh séng va lam viéc tai
Ha Néi. Déi tugng khao sat la nhimng ngudi c6 st dung xe may hoac
¢6 khé ndng chuyén dé&i sang xe may dién trong tuong lai.

Mau khéo sat dugc phan bé theo cac khu vuc khéng gian d6
thi, bao gém khu vuc trong Vanh dai 1, khu vuc gitta Vanh dai 1 va
Vanh dai 2, khu vuc gitta Vanh dai 2 va Vanh dai 3 va khu vuc ngoai
Vanh dai 3. Phuong phap chon mau dugc st dung la chon mau
thuan tién két hgp véi phan tang theo khu vuc.

Téng s6 phiéu khao sat hgp 1é thu dugc 1a 400 mau. Kich thudc
mau nay dap (ing yéu cau téi thi€u déi véi cac phan tich théng ké da
bién, déng thai dam bao do tin cay cla két qua nghién ctu.

3.2. Phuong phap phan tich dit liéu

D liéu sau khi thu thap dugc lam sach va xt ly bang phan
mém STATA phién ban 15.0 thong qua cac budc phan tich sau: (1)
Ki€ém dinh do tin cay thang do; (2) Phan tich nhan t6 kham pha (EFA);
(3) Phan tich hoi quy tuyén tinh da bién; (4) Ki€ém dinh su khac biét;
(5) DO tin cay va gia tri nghién cdu.

4. KET QUA NGHIEN CUU

4.1.Théng ké mé ta mau

Véi ¢& mau 400 ngudi, két qua théng ké mé ta cho thay mau
nghién ctiu 6 sy phan bé tuong déi da dang theo cac dac diém ca
nhan. V& gidi tinh, nir chiém 55,7% va nam chiém 44,3%, cho thay
su quan tam dén xe may dién xuat hién & ca hai gidi, khong co su
chénh léch qua I6n. V& d6 tudi, nhom tir 16 dén dudi 25 (27,5%) va
25 - 34 tudi (26,3%) chiém ty trong Idn, phan anh mau nghién ctu
chtiyéu la ngudi tré, dé ti€p can cdng nghé va quan tam dén chi phi
cling nhu méi trudng. Xét theo nghé nghiép, can bd vién chic/van
phong chiém cao nhat (44,8%), hoc sinh/sinh vién (27,3%), déu la
cac nhom cé nhu cau di lai thuang xuyén. Vé thu nhap, da s6 thudc
tap trung 8 muc 5 - 10 triéu (32,5%) va dudi 5 triéu (26,3%), cho thay
su nhay cdm vdi chi phi. Vé nai & hién tai, ngudi séng trong Vanh dai
1 chiém ty |é cao nhat véi 41,8%, trong khi cac nhém tur Vanh dai 1
dén Vanh dai 2, trVanh dai 2 dén Vanh dai 3 va ngoai Vanh dai 3 lan
lugt chi€ém 20,3%, 20,0% va 18,0%. Di€u nay cho thdy mau khao sat
tap trung nhiéu & khu vuc dé thi trung tdm, noi mat doé giao théng
cao va cac van dé vé un tic, 6 nhiém c6 thé lam gia ting su quan
tam dén phuong tién giao thdng xanh nhu xe may dién.

Ngugi dugc khéo sat cé tan suat di chuyén kha cao, chli yéu tu
2 - 4 chuyén/ngay, phan anh nhu cau di lai thudng xuyén trong dé
thi. Xe may xang van la phuaong tién phé bién nhat (61,8%), trong
khi giao théng cong cong con han ché (5,5%), cho thay su phu
thuéc I16n vao phuong tién ca nhan nhung cling mé ra kha nang
chuyén déi sang xe may dién. Muc dich di chuyén chd yéu la di hoc/
di lam (70%), mang tinh lap lai hang ngay. V& quang dudng va thoi
gian, hon 70% chuyén di dugi 7 km va phan Ién dudi 30 phut, rat
phu hgp véi dac diém van hanh clia xe may dién. Dong thai, ty lé chi
tiéu cho di lai cht yéu & muc 2 - 6% thu nhap, cho thay ngudi dan
nhay cam vdi chi phi, tir 6 nhan manh lgi thé tiét kiém cda xe may
dién trong lya chon phuong tién.

Bang 1.Théng ké dac diém hanh vi di lai clia ngudi trd 15i (N = 400)

Nhom tiéu chi Tiéu chi S6 lugng Ty & (%)
2 chuyén 152 38,0
S6 chuyén di binh 3 chuyén o8 245
quan/ngay 4 chuyén 9% 24,0
Trén 4 chuyén 54 13,5
Xe buyt/BifT/d‘ucmg sat 2 55
do thi
O t6 canhan 47 11,8
Phuong tién Xe mady xdng 247 61,8
thudng dung nhat
Taxi/xe cong nghé 40 10,0
Xe dap/di bd 33 83
Khac 11 2,8
bi hoc/di lam 280 70,0
Mua sam/viéc nha 40 10,0
Muc dich chuyén di Gidi tri/tham than 38 9,5
thudng xuyén
Y té 29 7,2
Khac 13 3,3
Dudi 3 km 153 383
Quang dudng Tu 3 km dén dudi 7 km 130 32,5
chuyén di thudng -
xuyén Tur 7 km dén dudi 15 km 62 15,5
T 15 km trg 1én 55 13,8
Duéi 15 phut 150 375
X Tur 15 dén dudi 30 phat 128 32,0
Thai gian di chuyén
binh quén Tir 30 dén dusi 45 phut 70 17,5
Tu 45 phat trg 1én 52 13,0
Dusi 2% 46 15
TU 2% dén dudi 4% 144 36,0
Ty |é thu nhdp danh -
cho di lai/thang TU 4% dén dudi 6% 111 27,8
TU 6% dén dudi 8% 58 14,5
Tur 8% dén dudi 10% 41 10,3

4.2. Kiém dinh db tin cay cia thang do
Bang 2. Danh muc bién nghién cru va ma hoéa

STT Ma Noi dung

1 PU Lai ich cGa xe may dién

S dung xe may dién gop phan bao vé moi trudng va
2 PU_1 . A «

stic khoe cong dong
3 PU_2 Xe may dién dap (ing t6t nhu cau di lai hang ngay clia téi
4 PU 3 SUrdung xe may dién gitip gidam chi phi di lai hang thang

- cla toi

S dung xe may dién gilp toi tiét kiém chi phi bao tri,
5 PU_4 N -

stfa chifta hon
6 PR RUi ro va han ché khi st dung xe mdy dién

Téi lo ngai vé quang dudng di chuyén t6i da cGia xe may
7 PR_1 A

dién

Toi lo ngai vé viéc sac dién cho xe may dién hién nay
8 PR_2 e iia

con bat tién
9 PR_3 Téi lo ngai vé dé bén va tudi tho clia pin xe may dién
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STT Ma NGi dung STT Ma NGi dung
10 PR 4 ?j lo ngai vé chi phi thay thé pin khi sif dung xe méy 26 EC_1 Téi lo &g vé vén dé 6 nhiém khong khi tai Ha Noi
- ien
o1 1o ngai vé 50 8n dinh va kha nana Kidm soat xe ma Toi biét vé cac chinh sach cta Chinh phi nham khuyén
1 PR_5 ollongal Ce 9 Y 27 EC_2 khich chuyén déi phuong tién xanh dé bdo vé moi
dién khi di chuyén truong
Téi lo ngai vé d6 an toan cta xe may dién khi di chuyén % x IS A
12 PR_6 trong diéu kién giao théng d6 thi 28 EC 3 :éisizgsgg thay doi phuong tién vi muc tiéu bao vé
13 Att Thdi dé vé viéc st dung xe mdy dién 2 int Y dinh Iua chon xe mdy dién
14 At Toi c6 thién cam véi viéc st dung xe may dién 30 Int_1 Téi c6 y dinh mua xe may dién trong 1 - 2 nam tdi
15 Att_2 L%:gg;i:? sif dung xe mdy dién la lya chon phi hop 31 Int_2 Téi sdn sang thay thé xe may xang bang xe may dién
N Né iy xang bi han ché Iuu thong, toi & lya ch
16 At3 | T6i cam thay yén tam khi can nhéc st dung xe méy dién 32 Int_3 X:”m:'i ey eng bl han ché luu thong, toi € lyfa chon
17 PBC Yéu t8 Kinh té - Tai chinh ! X o
—~ ——————— Két qua kiém dinh tai BAng 3 cho thay hau hét céc thang do
8 PBC_1 [ Gid muaxe méy dién Ia réo can doi vdi toi déu dat yéu cau vé do tin cay. Cu thé, thang do Lai ich clia xe may
19 PBC_2 | Chiphivan hanh thap I3 loi thé ctia xe may dién dién c6 Cronbach’s Alpha dat 0,772; thang do Théi d6 vé viéc si
Thu nhap hien tai anh hudng dén kha nang mua xe may dung xe may dlenﬂdatﬂo,§31;mthanAg do \ieu 6 Kinh té - Tai chinh dgt
20 PBC3 | gien 0,746; thang do Yéu t6 Xa hoi - Cong dong dat 0,759; thang do Yéu
" o~ Yéu t6.Xa hoi - Cong dng t6 mbi trudng va ctnnh sach dat 05845. va thang <’io Hanh \{I/Y dinh
_ i . . lua chon xe mdy dién dat 0,766. Céc bién quan sat trong céc thang
2 SN 1 g,‘? dinh khuyén khich t6i chuyén sang st dung xe may do nay déu co hé s6 tuong quan bién - t8ng dat yéu cau va dugc gilr
- en . . s A , e
B" T P — - lai cho céc budc phan tich tiép theo.
23 SN_2 di:g ::;;y"giér? neu tol quyet dinh chuyen sang st Riéng thang do RUi ro va han ché khi st dung xe may dién c6
— P Cronbach’s Alpha dat 0,800. Tuy nhién, bién quan sat PR4 c6 hé s6
24 SN 3 Viéc nhiéu ngudi xung quanh toi st dung xe may dién sé N o h 3 khi loai bién nav thi i h
_ anh hudng dén quyét dinh cdia toi tuong quan bién -tong thap (0,259) va liloai bién nay t |Cr.onb’z?c s
2 c Ve 16 moi truoma vl chinh sdeh Alpha ctia thang do tang [én 0,870. Do d6, bién PR4 dugc loai khdi mo
u | Vi i < N . ¥ A A g A 5
9 hinh nghién cltu nham néng cao do6 tin cdy clia thang do.

Bang 3. Bang hé sé Cronbach’s Alpha clia cac bién doc lap va phu thuéc

Bién quan sat Trung b‘lnttl’ité\:ng do néu loai P:Lézl;g;a;:g:ng do Tuong quan bién - tdng Cronb:;l;’;;\lz);a néu bién

Lai ich ctia xe may dién (PU): Cronbach’s alpha = 0,772

PU1 12,94 3,638 ,703 ,653

PU2 12,99 3,604 ,566 724

PU3 13,33 3,927 ,530 ,740

PU4 12,96 3,991 511 ,749
RUi ro va han ché khi sir dung xe may dién (PR): Cronbach’s alpha = 0,800

PR1 10,59 13,861 ,687 ,743

PR2 10,67 14,769 ,675 ,754

PR3 10,53 13,804 ,589 ,761

PR4 9,61 14,509 259 ,870

PR5 10,63 13,647 ,751 ,731

PR6 10,41 13,404 ,628 ,752
Thai d6 vé viéc sit dung xe may dién (Att): Cronbach’s alpha = 0,831

ATT1 7,22 2,797 ,710 ,750

ATT2 8,01 3,343 ,669 ,788

ATT3 7,46 3,181 ,700 ,758
Yéu t6 Kinh té - Tai chinh (PBC): Cronbach’s alpha = 0,746

PBC1 7,70 2,999 481 ,761

PBC2 7,80 2,688 615 617

PBC3 7,77 2,246 ,638 ,584
Yéu t8 Xa hoi - Cong déng (SN): Cronbach’s alpha = 0,759

SN1 8,02 2,340 A78 ,802

SN2 8,35 1,907 ,676 ,570
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Bién quan sat Trung binh 't!)ang do néu loai Phtit(dng s.al.tbang do Tuong quan bién - téng Cronba‘ch s .Alpl'!a néu bién
bién néu loai bién nay bi loai
SN3 8,24 2,302 ,631 ,639
Yéu t6 méi trudng va chinh séch (EC): Cronbach’s alpha = 0,845
EC1 8,02 2,438 722 778
EC2 7,99 2,524 ,755 ,740
EC3 8,14 3,039 ,671 ,825
Y dinh Iua chon xe may dién (Int): Cronbach'’s alpha = 0.766
INT1 7,77 1,908 ,670 ,607
INT2 7,75 2,122 ,658 ,640
INT3 7,90 1,819 ,506 821

4.3. Phan tich nhan té kham pha

4.3.1. D6i véi bién déc lap

Sau khi kiém dinh d6 tin cay bang Cronbach’s Alpha, 21 bién
quan sat thudc 6 thang do dugc dua vao phan tich nhan t6 kham
pha EFA. Két qua cho thay chi s6 KMO dat 0,779, ching to dit liéu
phu hgp dé phan tich nhan t8. Kiém dinh Bartlett’s Test ¢6 Sig. =
0,000 < 0,05, cho thdy cac bién quan sat c6 tuong quan véi nhau va
da diéu kién thuc hién EFA.

K&t qua EFA rut trich dugc 6 nhan t6 tai diém ding Eigenvalue
= 1,402 > 1.T8ng phuang sai trich lay ké dat 70,165%, |6n hon 50%,
cho thdy 6 nhan t6 nay gidi thich dugc phan 16n su bién thién cta
d liéu. Déng thaoi, hé sé tai nhan té cta 21 bién quan sat déu Ién
hon 0,5, chiing té cac bién cé gia tri hoi tu tét. Cu thé, nhdm PR gém
5 bién quan sét c6 hé s6 tai tir 0,723 dén 0,866, trong d6 PR5 c6 hé
s6 tai cao nhat, cho thdy nhém bién nay phan anh t6t nhan té PR.
Nhém ATT gém 3 bién c6 hé s6 tai tir 0,782 dén 0,861, thé hién muc
d6 hoi tu cao. Nhom PU gém 4 bién c6 hé sé tai tir 0,698 dén 0,859;
mac du PU3 ¢6 hé sé thap nhat nhung van vugt ngudng chap nhan.
Nhom EC gom 3 bién 6 hé s6 tai kha dong déu, tir 0,822 dén 0,844,
cho thdy su 6n dinh trong thang do. Nhém PBC gém 3 bién c6 hé
sO tai tur 0,650 dén 0,865, trong dé PBC1 thap hon cac bién con lai
nhung van dat yéu cau. Nném SN gém 3 bién c6 hé s6 tai tur 0,743
dén 0,858, phén anh t6t nhan t6 SN.

4.3.2. Béi vdi bién phu thudc

K&t qua phan tich nhan t6 kham pha (EFA) d6i vai bién phu
thuéc - Y dinh lua chon xe may dién cho thdy di lieu phu hgp dé
phan tich khi chi s6 KMO dat 0,658 va kiém dinh Bartlett’s Test c6
Sig. = 0,000 < 0,05. Phan tich EFA trich dugc 1 nhan t6 duy nhat tai
diém ding Eigenvalue = 2,097 > 1, véi téng phuang sai trich dat
69,896%, vugt ngudng 50%. Cac bién quan sat INTT, INT2 va INT3
déu c6 hé s6 tai nhan t6 16n hon 0,7, cho thay mirc d6 hoi tu cao va
phan &nh tét khai niém hanh vi/y dinh Iya chon xe may dién. Do d6,
toan bo cac bién quan sét ctia thang do bién phu thudc dugc gitr lai
va st dung cho cac budc phan tich tiép theo.

Bang 4. Két qua phan tich EFA d6i véi bién phu thudc

4.4. Kiém dinh mé hinh va gia thuyét
4.4.1. Phdn tich hé sé tuong quan Pearson
Bang 5. Phan tich tuong quan Pearson

Correlations

PU PR ATT |[PBC |SN EC INT
Pearson 386" | -460™ |,444" |,440" |,332" |[,618" |1
Correlation
INT ,000 [,000 |[,000 |[,000 |,000 ,000
Sig. (2-tailed)
N 400 | 400 400 400 400 400 400

Bién quan sat Hé s6 tai

INT1 ,883

INT2 ,872

INT3 ,746
Eigenvalue 2,097
Phuong sai trich % 69,896
KMO 0,658
Sig. 0,000

Ké&t quéd phan tich tuong quan Pearson cho thay tat ca cac
bién doc lap déu c6 méi lién hé tuyén tinh vai y dinh lua chon xe
may dién (INT) va déu c6 y nghia théng ké & muc 1%. Trong do,
yéu té6 moi trudng va chinh séch (EC) c6 tuong quan duong manh
nhat (r = 0,618). Cac yéu té Thai do (ATT), Kinh té - Tai chinh (PBC)
va Lai ich (PU) ¢6 tuong quan duong muic trung binh, cho thay déu
anh hudng dang ké dén y dinh. Ngugc lai, Rai ro va han ché (PR)
¢6 tuong quan am (r = -0,460), tuc la nhan thuc rii ro cang cao thi
y dinh cang gidm. Y&u t6 xa héi (SN) cling c6 tuong quan ducng
nhung & muc thap hon.

4.4.2. Phan tich héi quy tuyén tinh bgi

Bang 6. K&t qua kiém dinh su phu hgp clia mé hinh va tu tuong quan

Mo |, |Rbinh E::r::g IS:;:‘; “9¢ | Durbin-
hinh phuong hiéu chinh chuin Watson
1 , 7717 |,595 ,589 42435 2,390

Két qua phan tich héi quy tuyén tinh boi cho thdy mé hinh
nghién ctu c6 muc d6 phu hop kha cao. Cu thé, hé s6 tuong quan
R dat 0,771 cho thdy méi lién hé chat ché gilra cac bién doc lap va
bién phu thudc. Hé s6 R binh phuong bang 0,595 va R binh phuong
hiéu chinh la 0,589, chiing té khoang 58,9% su bién thién clia bién
phu thudc dugc gidi thich bai cac bién doc lap trong mé hinh, phan
con lai chju dnh hudng clia cac yéu t6 khac ngoai mé hinh. Sai s6
udc lugng chudn dat 0,42435, cho thdy mic d6 sai léch gilta gia tri
du doan va gia tri thuc t&€ & muc chap nhan dugc. Bén canh do, chi
s6 Durbin-Watson bang 2,390 ndm trong khoang cho phép, khdng
dinh mé hinh khéng xay ra hién tugng tu tuang quan cta phan du,
do d6 cac gia dinh cia mé hinh hoi quy dugc dam bao.

Kiém dinh F trong phan tich phuong sai ANOVA véi gia tri Sig.
la 0,000, dudi ngudng 0,05, chiing t6 rang mo hinh hoi quy tuyén
tinh da xay dung phu hgp véi téng thé.
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Bang 7. Cac thong sé ctia mé hinh hoi quy

Coefficients®
Model Uncs;:nfﬁdca::ril:zsed séig:::;‘:te: . Sig. Collinearity Statistics
B Std. Error Beta Tolerance VIF
(Constant) ,766 ,233 3,280 ,001
PU ,145 ,036 137 3,997 ,000 ,873 1,146
PR -,200 ,030 -,230 -6,609 ,000 ,849 1,178
1 ATT ,146 ,028 ,187 5,195 ,000 ,793 1,261
PBC 177 ,030 ,205 5,955 ,000 872 1,147
SN ,095 ,033 ,100 2,889 ,004 ,853 1,172
EC 313 ,031 372 10,156 ,000 ,770 1,299
a. Dependent Variable: INT

Xét chi tiét cac hé sé héi quy trong Bang 7, tat ca cac bién doc
lap déu cé y nghia thong ké (Sig. < 0,05) va tac dong truc ti€p dén
y dinh (INT). Trong d¢6, EC (Beta = 0,372) la yéu t6 c6 tac ddong manh
nhdt va cting chiéu, cho thay khi nhan thic vé yéu t6 EC tang thiy
dinh cta d6i tugng nghién clu cling gia tang dang ké. Tiép theo
la PR vdi hé s6 Beta = -0,230, cho thdy tac déng ngugc chiéu, ham
y rang khi rdi ro cdm nhan tang sé lam giam y dinh. Cac bién PBC
(Beta = 0,205) va ATT (Beta = 0,187) cling c6 anh hudng tich cuc va
tuong d6i manh, phan anh vai trd quan trong ctia nhan thic kiém
soat hanh vi va thai d6 déi véi y dinh. Bién PU (Beta = 0,137) va SN
(Beta = 0,100) tuy c6 muic tac dong thap hon nhung van mang y
nghia théng ké, cho thdy chiing van gép phan gidi thich hanh vi cta
déi tugng nghién cdu.

Ngoai ra, cac chi sé Tolerance déu I16n hon 0,7 va VIF dao déng tir
1,146 dén 1,299, thap hon nhiéu so vdi ngudng 10, ching té khéng
xay ra hién tugng da cong tuyén gilra cac bién doc lap. Nhin chung,
két qua héi quy khdng dinh mé hinh nghién ctu la dang tin cay, cac
gia thuyét nghién ctu déu dugc tng ho, déng thdi lam cg s& quan
trong cho viéc dé xuat cac ham y quan tri & cac phan tiép theo.

Mo hinh héi quy khéng vi pham céac giad thuyét va do dé mé
hinh nay cé y nghia théng ké. C6 6 bién dugc xac dinh anh hudng
dang ké dén bién phu thudc, 6 gia thuyét dugc chap nhan xuét hién
trong mé hinh. M6 hinh héi quy thé hién su dnh hudng cla 6 bién
doc 1ap 1én bién phu thudc, c6 dang nhu sau:

INT=0,137*PU-0,230*PR + 0,187*ATT + 0,205*PBC + 0,100*SN
+0,372*EC

5. MUC DO TAC PONG CUA CAC YEU TO PEN HANH VI LUA
CHON XE MAY DIEN

Két qua héi quy cho thdy mo hinh nghién cdu cé muiic do phu
hap cao, véi R? hiéu chinh dat 0,589, nghia 14 58,9% su bién thién cla
hanh vi/y dinh Iya chon xe may dién dugc giai thich bai cac yéu té
trong mé hinh. Gia tri kiém dinh F c6 Sig. = 0,000 chiing td mé hinh
la phtt hgp vé mat théng ké. Bén canh d6, cac chi sé Durbin-Watson
xap xi 2 va hé s6 VIF déu nhoé hon 2 cho thay mé hinh khéng xay ra
hién tugng ty tuong quan va da cong tuyén.

Ké&t qua cho thdy ca 6 yéu t6 déu co6 anh hudng cé y nghia
théng ké dén hanh vi lua chon xe may dién, muc d6 tac dong dugc
sdp x€p theo thur tu gidm dan nhu sau: YEu t6 méi trudng va chinh
sach (EC) - tdc déng manh nhdt; Rui ro cdm nhan (PR) - rao can I6n
nhat; kha nang kiém soét hanh vi cdm nhan (PBC; Thai d6 (ATT); Loi
ich cdm nhan (PU); Chudn muc xa hoi (SN).

6. KHUYEN NGHI

Trén co s& két qua phan tich, dé thuc ddy hanh vi lua chon xe
may dién ctia ngudi dan TP Ha Noi, can trién khai déng b cac nhém
gidi phap gan véi cac yéu t6 anh hudng da duoc kiém dinh trong
md hinh: (1) Hoan thién hé théng chinh sach, tding cuéng hé trg
t Nha nudc thong qua céc bién phap nhu trg gia khi mua xe may

266 XAYDUNG 05.2026 | ISSN 2734-9888

dién, mién gidm cac loai thué, phi lién quan, ddy manh phat trién ha
tang tram sac; (2) Can gidm thiéu rdi ro cdm nhan clia ngudi sirdung
bang céch nang cao chat lugng san pham, cai thién cong nghé pin,
tdng quang dudng di chuyén, xay dung hé théng bao dudng, minh
bach; (3) Tang kha nang ti€p can tai chinh cho ngudi dan, ddy manh
truyén théng nhdm nang cao nhan thuc va thai d6 tich cuc cta
ngudi dan, nhan manh cac lgi ich vé kinh t& maéi trudng va su tién
Igi; (4) Tan dung &nh hudng clia yéu t6 xa héi, khuyén khich st dung
xe may dién, ti d6 tao hiéu tng lan tda va hinh thanh chudn muc
tiéu dung mdi; (5) Phat trién hé sinh thai giao théng xanh déng bo,
két hgp gitta xe may dién véi hé théng giao thong cong cong, nham
nang cao tinh thuan tién va kha nang thay thé.

7.KET LUAN

Nghién cttu da xac dinh cac yéu t6 anh hudng dén hanh vi lua
chon xe mady dién ctia nguoi dan TP Ha Noi thong qua mé hinh tich
hgp céc yéu té kinh té, tam Iy - nhan thiic, xa hoi va méi trudng - chinh
sach. K&t qua cho thdy tat ca cac yéu t6 déu cé tac dong co y nghia
thong ké, trong d6 yéu t6 méi trudng va chinh sach c6 anh hudéng
manh nhat, trong khi ri ro cdm nhan la rao can Ién d6i véi y dinh
st dung. Bong thdi, cac yéu t6 nhu kha nang tai chinh, thai d6 va
nhan thuc vé lgi ich cing déng vai trd quan trong trong viéc thac
ddy hanh vi chuyén déi phuong tién, Trén cd s& d6, nghién ciu dé
xuat 5 nhém gidi phap chinh. Viéc trién khai déng bo cac giai phap
nay sé gép phan thuc ddy qua trinh chuyén déi tir xe may xang sang
xe may dién.

L&i cdm on: Nghién cliu nay dugc tai trg béi Truong Dai hoc
Giao thoéng van tai (PH GTVT) trong Dé tai ma s6 T2026-KT-002.
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Nghién cutu tinh toan 6n dinh ray han lién
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The stability analysis of continuous welded rail (CWR) and its application on the Hanoi -

Ho Chi Minh City railway line
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TGM TAT

Bai bao tap trung nghign ciu Iy luan dn dinh ray han lién va céc
diéu kign ky thuat thic t& cia doan dweang sét dang khai thac,
tuyén duang sat Ha Nai - TRHCM. T cac diéu kien va tham sd
thue té, tac gid sir dung cac nguyen ly tinh toan dn dinh vé ray
han lién va cho dugc két qua: Ddi vai duing cong ca ban kinh
duirng cong R< 200 m thi st dung cac thanh ray tigu chudn; ddi
vri dutrng cong ca ban kinh duarng cong 200 m <R <400 m thi ca
thé sir dung ray dai tir [00 m dén 150 m; ddi vai duirng cong cé
ban kinh dwang cong 400 m <R <600 m thi co thé sir dung ray
han lign vai loai hinh ray tir Pal tri len; ddi vai deirng cong ca
ban kinh R> 00 m thi k&t qué tinh toan cho théy ca thé sk dung
ray han lign vai ray P43 hodc ray Pal.

Tir khéa: Ray han lién; thanh ray tiéu chudn; diéu kign ky thuat;
tinh toan dn dinh.

ABSTRACT

This paper focuses on the theory of continuous welded rail
(CWR) stability and the practical technical conditions of the
Hanoi - Ho Chi Minh City line currently in operation. Based on
actual conditdsfions and parameters, the authors apply the
principles of stability analysis for CWR to obtain the following
results: for curves with a radius R < 200 m, standard-length
rails should be used; for curves with a radius 200 m <R < 400
m, rails with lengths from 100 m to (a0 m can be utilized; for
curves with a radius 400 m < R < 600 m, CWR is applicable
using Pal rail sections or higher; far curves with a radius R >
00 m, the calculation results indicate that CWR with P43 or Pl
rail types are suitable.

Keywords: Continuous welded rail (CWR); standard-length rails;
technical conditions; stability analysis.

1.DAT VAN PE

Dudng sat khéng khe néi (BSKKN) (ray han lién) la han nhimng
thanh ray tiéu chuan thanh ray dai cé chiéu dai > 300 m tr& |én goi
la DSKKN. Trén tuyén dudng sat théng thudng, moi néi ray la mot
khau yéu clia dudng ray, do ton tai méi noi, khi doan tau di qua
phat sinh xung kich va chan dong, déng thaoi kéo theo tiéng 6n, luc
va cham Ién thudng géap ba lan so véi nhiing vi tri khong cé6 maéi
ndi. Luc xung kich tai méi néi anh hudng chay tau én dinh va hanh

khach khéng dugc thoai mai, lam pha hoai I6p d3, gidm tudi tho si
dung ray va phu kién lién két, tang chi phi lao déng slra chia, bao tri.
Chi phi bdo duéng doan tuyén c6 méi ndi chiém trén 35% téng chi
phi bdo duéng; s6 lugng thay ray hu héng & méi n6i so véi chd khéac
tang 2 - 3 lan; ray thuong tat nang 60% s6 phat sinh tai méi néi. Su
phat trién khéng ngiing cda tai trong truc doan tau, mat do va téc
d6 chay tau, cac khuyét diém trén cang boc 16 16 rét, khong thé dap
(ng nhu cau van tai.

P& cai thién trang thai lam viéc ctia méi néi ray, ti nhitng nam
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1930, con ngudi khéng nguing nghién cliu va st dung cac phuong
phap han ray tao thanh BSKKN. Dau tién la gap phai van dé chat
lugng han méi néi; tiép theo la van dé cudng d6 va 6n dinh cta ray
dai dudi tac dung déng thai ctia dong luc doan tau va luc nhiét do;
van dé nira la thiét k& DSKKN, van chuyén cau kién ray dai, thi cong
dat ray, duy tu bdo dudng va hang loat van dé ky thuat, ly thuyét.
Tung budc, cac van dé trén dugc giai quyét, DSKKN dugc st dung
rong rai & dudng sét cac nudc thé gidi. DSKKN thé hién hang loat
uu diém do gidm dang k& mai ndi, chay tau 6n dinh, hanh khach dé
chiju, déng thai chi phi duy tu, stia chira dudng ray va dau may toa
xe gidm, tudi tho kéo dai. Tu liéu cho biét, vé tiét kiém lao dong va
kéo dai tudi tho thiét bi thi DSKKN so véi dudng sat méi néi c6 thé
ti€t kiém chi phi duy tu 30 - 70%.

2.NGUYEN LY TiNH TOAN ON DINH RAY HAN LIEN

Viéc nghién cttu phan tich sy 6n dinh ctia DSKKN ¢é y nghia
Iy luan va thuc tién rat quan trong. Muc dich cht yéu cua viéc phan
tich vé én dinh BSKKN la nghién ctu quy luat phét sinh hién tugng
bung dudng, tuc la hién tugng “bung ray, pha duong’, phan tich cac
diéu kién co hoc cla viéc phat sinh hién tugng nay cling nhu tac
dung clia cac nhan té anh hudng chd yéu, nham tim ra quan hé dinh
lugng can thiét gilta cdc nhan t6 dnh hudng dé c6 dugc nhiing bién
phap tuong Ung trong cac khau thiét k&, thi cong va bao dudng,
khéng ché chéc chdn dugc cac nhan t6 lién quan dén viéc gil gin
su 6n dinh ctia dudng, ti d6 bao ddm DSKKN dugc 6n dinh va chay
tau an toan. Phan tich tinh én dinh clia DSKKN Ia dé& xac dinh tiéu
chuédn ting nhiét d6 cho phép, diéu kién vé nhiét dé ray trong cac
tac nghiép duy tu dudng va dua ra cac can cu ly luan cho cac quy
dinh ky thuat lién quan.

Co s@ ly luan ctia van dé DSKKN 1a ly thuyét dan héi va nguyén
ly nang lugng bién phan. Cong thuc tinh DSKKN thé hién quan niém:
Dé& tranh hodc tan lugng gidm thiéu muc tich lay bién dang du trong
qua trinh bién déi I3p ctia nhiét d6, can phai han ché tri bién dé bién
dang f, déng thai cling dua ra nhan dinh vé vi pham dan héi ctia nén
dala 1-2mmvamuén tranh phai han ché nhiéu qua vé luc nhiét do
anh hudng téi pham vi dia ly dat DSKKN da dinh nghia khif =2 mm
luc nhiét d6 tinh dugc sé Ia luc nhiét d6 tinh toan P

L4y luc nhiét d6 tinh toan chia cho mét hé s6 an toan xac dinh
K sé c6 luc nhiét d6 cho phép. Do céch tinh nay thudc loai dich
chuyén nho, nén khéng xét dén luc nhiét d6 nén gidm thap ma chi
xét muic nhiét do tang cho phép [At] - ﬂ

C6 nhiéu phuong phép tinh toan khgé nhau, trong ndi dung
bai bdo, tac gid gidi thiéu hai phuong phap tinh: Phuong phap
dudng tén da dinh va phuong phap dé cong da dinh.

Duong tén da dinh:

f,.vaf  dabiét, van dung nguyén ly vé bién phan ta cé:

pES j’ (f+£.) __4: ot

iz 4
f f
frfat Slet g

P =

doﬁ = [co:
dr

Trong dé:
AEIx S+ 1)

R st 2r,)

f,
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D¢ cong da dinh:
Gia thiét d6 cong cla bién dang cong dan tich va déo da biét,
tl nguyén ly ta cé:
. x? El ;
I (f + f) o 200
4f
=R

F-=

J+f.t
Do dP =), co:
dl

:—l +|I:—'£ - ‘.
F_QH, ‘uﬂ".;'f f B RO

l(2-49)
Trong dé:
B = JEE‘JF.‘:r
R

3. KET QUA TINH TOAN

TU nguyén ly tinh toan néu trén, trén cg s& s6 lieu két cau ha
tang dudng sat doan ti km 124000 dén km 137+300 tuyén dudng
sat Ha Noi - TRHCM, nhom téac gia da lap bang tinh véi cac s6 liéu ray
P50 (50 kg/m), ta vet bé tdng du (ng luc kiéu TN1 1.600 thanh/km,
phu kién lién két ray va ta vet la phu kién dan hoi ki€éu W, lap lach
6 16, chiéu day nén da duai day ta vet 30 cm, chiéu réng vai da 40
cm. Tac gia da tinh toan Uing vai cac dudng cong >2.000 m, dén cac
duding cong lan lugt 1a 1.000 m, 800 m, 600 m, 500 m, 400 m, 300 m,
200 m, két qua nhu Bang 1. Tl cong thic tinh nhiét d6 cho doan ray
dai, ta sé tim dugc tri s6 luc tuong iing vai chiéu dai ray dai tr 50 m
dén 150 m nhu Bang 2.

Bang 1. K&t qua tinh toan Gng véi cac ban kinh dudng cong
khac nhau, cho két qua nhiét dé cho phép

Lotk Ril:éidi\ ity Bin kih Bin kish dirimg cong'm
ay  Pdbdopbeplde] |dumpomg |\ 1oy | o | g | a0 [ 300 | m
© |Hé sdan todn Ko B=0lm
At/ 0 LEEREEE IR
4 [t ] 47 glulula|alx]|n
Ky Lo s e s s | 22
Mg [ gluln|n|le|el|n
10 By f Sib L IRENERE IR AN AN
K, RIS

Bang 2.Tri s6 luc nhiét va khe hd moi néi ray, tng vai chiéu dai
ray dai khac nhau
P,=P,+r.L/2

P6ivoi ray P50

Chiéu dai ray L(m) 50 75 100 125 150
P, (KN) 390,00 | 440,00 | 490,00 | 540,00 | 590,00

Dbi véi ray P43

Chiéu dai ray L(m) 50 75 100 125 150
P, (KN) 340,00 | 390,00 | 440,00 | 490,00 | 540,00

TU Bang 1 cho ta thdy rang, khi ban kinh dudng cong nho hon
hodc bang 400 m thi d6 bién thién nhiét déi vai ray P50 la 34°C; doi
V@i ray P43 la 31°C. Nhu vay, d6 bién thién nhiét dé theo tinh toan &
khi hau VN 1a 30 - 32°C; diéu d6 chiing t6 rang ban kinh dudng cong
nho hon hodc bang 400 m thi rat khé thuc hién BSKKN, lac dé can
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tinh toan dé sir dung ray han dai 100 m, 150 m.

Khi ban kinh dudng cong nhé hon hodc bang 200 m thi s
dung thanh ray tiéu chudn, khéng nén st dung ray han dai hoic
DSKKN.

Tl cong thic tinh nhiét d6 cho doan ray dai ta sé tim dugc tri s6
luc tuang Ung va khe hd méi néi ray, d€ bé tri 1ap lach cho phu hgp.

4, KET LUAN

Can cu két qua tinh toan vdi sé liéu thuc trang cla két ciu ha
tang dudng sat dang khai thac, cho ta dugc két qua:

- BGi véi dudng cong ¢é ban kinh dudng cong R< 200 m thi
st dung cac thanh ray tiéu chuan, khéng st dung ray dai hoac ray
han lién.

- B6i véi cac doan dudng cong ¢6 ban kinh dudng cong 200 m
<R <400 m, thi theo tinh toan phan tich tinh &n dinh cla dudng ray
thi c6 thé sir dung ray dai tir 100 m dén 150 m.

-D6i véi cac doan dudng cong cd ban kinh dudng cong 400 m <R
<600 m I6n thi sau khi gia dinh tang luc can ctia nén d4 ballast, ting luc
xiét clia phu kién thi tinh 6n dinh cGa dudng ray khi han lién dugc dam
bao, thi c6 thé sit dung ray han lién tir 50 kg/m tr& 1én.

- DB6i v6i dudng cong c6 béan kinh R> 600 m, két qua tinh toan
cho thay c6 thé st dung ray DSKKN vi ray P43 hodc ray P50.
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ABSTRACT

This study investigates the deformation propagation in soft
ground improved by prefabricated vertical drains (PVDs)
combined with vacuum consolidation using finite element
modeling. The results show that lateral displacement reaches
its maximum at the boundary of the treated zone and
decreases rapidly with distance, while vertical displacement
is dominated by settlement within the improved area and
gradually diminishes outward. The extent of the smear zone is
approximately 1.70 times the drain length (1.751), which can be
divided into three regions: strong influence (x < L), transition
(L <x < 1.78L), and negligible influence (x > 1.75L). Increasing
vacuum pressure  significantly increases  deformation
magnitude in the near-field region (over 15% when increasing
from 70 to 90 kPa), but does not significantly expand the
smear zone. The region beyond 1750 is identified as a safe
zone where both lateral and vertical displacements are
negligible. These findings provide a scientific basis for
evaluating deformation impact and defining safe distances for
adjacent structures:

Keywords. Vacuum pressure; PVD; lateral displacement; smear
zone; soft soil.

TOM TAT

Nghién ciru nay tap trung phan tich sur lan truyén cia bién dang ngang
trong nén dat y&u dudi tac dang cia xi Iy bang bat tham ket hop hit
chan khang. Ma hinh phan tir hitu han duge xay dung bang phan mém
PLAXIS 2D vai diéu kign dia chét dién hinh cia khu vire TP.HCM, trong
da nén dat dugc gia thigt [a mat lap sét yéu dang nhét co chiéu day 22.5
m. Ba kich ban p lyc hat chan khang khac nhau (70 kPa, 80 kPa va 90
kPa) dugc xem xét trong cung diéu kien gia tai va thii gian xr Iy 180
ngay. Két qua md phang cho thdy bign dang ngang cda nén dat ca xu
huréng hai tu vé khu i xir Iy va lan truyén ra viing xung quanh véi bign
dd gidm dan theo khoang cach. Phan tich dinh lrgng thang qua quan he
gira chuyén vi ngang va khoang cach tir mép khu vure xr Iy tai di séu
déc trung cho thay chuyén vi dat gia tri len nhét tai ranh gidi khu vic
xtr Iy va suy giam nhanh theo khoang cach, tuy nhign van ton tai @ cac
vi tri xa. Dang thivi, khi ap luc hit chan khang tang, khang chi bign da
chuyén vj ngang tang |&n ma pham vi lan truyén cia bién dang ciing
duge ma riing dang ké. Ket qué nghién ciu gap phén lam rd co ché lan
truyén bign dang ngang trong nén dét yéu dudi tac dang coa hit chan
khding, déng thri cung cép co st khoa hoc cho vige danh gia mirc da
anh hudng cia phuong phap xtr Iy nay dén khu virc xung quanh.

Tir khaa: Ap lyc bom; bat tham; chuyén vi ngang; ving anh huéng;
dat y&u.

1. INTRODUCTION

Ho Chi Minh City and the downstream area of the Saigon-Dong
Nai river system are characterized by extensive deposits of soft clay
with considerable thickness [1]. In rapidly developing areas such as
Thu Thiem and Nha Be, the subsurface profile typically consists of
very soft clay layers with thickness ranging from 15 m to over 20 m,
located near the ground surface [2], [3]. These soils exhibit
unfavorable geotechnical properties, including high natural water
content (averaging 84.5%, sometimes exceeding the liquid limit),
large void ratio (e, = 2.0), low undrained shear strength, and high
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compressibility [3]. Under rapid urbanization, infrastructure
construction on such soft ground requires effective ground
improvement techniques to ensure settlement control and stability
(1], [41.

Among available methods, prefabricated vertical drains
combined with vacuum consolidation (VCM-PVD) has been widely
applied due to its ability to accelerate consolidation and
significantly reduce construction time [1], [5]. Unlike conventional
surcharge loading, vacuum consolidation induces negative pore
pressure, thereby increasing effective stress without significantly
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increasing total stress, which helps reduce instability risks [6], [7].
However, a notable feature of this method is the generation of near-
isotropic consolidation, leading to lateral soil movement toward the
treated zone [3], [7], [8].

This lateral deformation is not confined within the treated area
but propagates into the surrounding ground, potentially causing
surface cracking and adverse impacts on nearby structures such as
embankments, buildings, and infrastructure systems [2], [4], [9].
Field observationsin Thu Thiem and Ba Chiem road indicate that the
smear zone of vacuum consolidation may extend up to
approximately 23 m from the treatment boundary [2], [3]. This
highlights the necessity of understanding the spatial distribution
and attenuation behavior of lateral displacement.

Despite its practical significance, the extent of deformation
propagation and its dependence on vacuum pressure have not
been fully quantified. Most previous studies focus primarily on
settlement or overall consolidation efficiency, while the spatial
distribution of lateral displacement and its variation under different
vacuum pressures remain insufficiently addressed.

This study employs a finite element model using PLAXIS 2D to
simulate the behavior of soft ground under vacuum consolidation
conditions representative of Ho Chi Minh City. The analysis focuses
on the propagation of lateral deformation into surrounding soil and
evaluates the effect of varying vacuum pressures on both
deformation magnitude and influence extent.

2. METHODOLOGY

2.1. Site conditions and soil properties

In this study, the subsoil consists of a soft clay layer with a
thickness of approximately 22.5 m, representing typical ground
conditions in Ho Chi Minh City. The key geotechnical parameters are
summarized in Table 1, including unit weight y = 1.64 T/m?,
undrained shear strength C = 0.06 MPa, internal friction angle ¢ =
4°, and initial void ratio e, = 2.1. These parameters indicate a very
soft soil with low shear strength and high compressibility, which
directly governs settlement behavior and lateral deformation under
combined surcharge loading and vacuum pressure.

Table 1. Geotechnical parameters of soft soil in the study area

Parameter Symbol Unit Value
Soil layer thickness h m 225
Unit weight y T/m3 1.64
Undrained shear strength C MPa 0.06
Internal friction angle 4] ° 4
Initial void ratio €o - 2.1

2.2. Finite element method

A finite element approach using PLAXIS 2D was employed to
simulate the behavior of soft ground improved by prefabricated
vertical drains (PVD) combined with vacuum consolidation. The
problem was formulated under plane strain conditions, which is
appropriate for linear infrastructure systems. The soil was modeled
using the Mohr-Coulomb constitutive model to represent the
fundamental elastic-perfectly plastic behavior.

The PVD system was arranged in a triangular pattern with a
spacing of 0.9 m and a length of 21 m, approximately equal to the
thickness of the soft soil layer, ensuring effective drainage
throughout the treated zone (Figure 1). In the two-dimensional
model, the drains were simulated using line drain elements,
allowing the dissipation of pore water pressure in both vertical and
horizontal directions (Figure 2).

The construction process was simulated in sequential stages,
including: (i) generation of the initial stress state, (ii) activation of the

PVD system, (iii) application of surcharge loading equivalent to a 4.5
m embankment, and (iv) application of vacuum pressure as a
uniformly distributed load within the treated zone. Three vacuum
pressure levels were considered, namely 70 kPa, 80 kPa, and 90 kPa.
The consolidation process was analyzed over a period of 180 days
to capture the full development of deformation and pore pressure
dissipation.
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Figure 1. Cross-sectional view and plan layout of PVD arrangement
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Figure 2. Modeling in Plaxis 2D

2.3. Smear zone

The smear zone is defined as the spatial extent in which
deformation induced by vacuum consolidation remains significant,
considering both lateral and vertical components. In this study, the
smear zone was evaluated based on the overall displacement field
and the relationship between displacement and distance from the
treatment boundary.

Displacement fields were first examined using vector plots and
contour maps to identify the general trend of deformation
propagation. However, due to the nature of finite element analysis,
very small displacement values always exist; therefore, the
boundary of the smear zone was determined through quantitative
analysis based on the attenuation of displacement toward
negligible values.

For detailed evaluation, lateral displacement (Ux) and vertical
displacement (Uy) were extracted at a representative depth where
lateral deformation is typically maximized. Observation points were
defined along the horizontal direction from the treatment
boundary at normalized distances ranging from x = 0 to x = 1.75L.

The lateral displacement Ux was used to assess the convergence
behavior and propagation extent of horizontal deformation, while
Uy represents settlement and vertical deformation distribution. The
combined analysis of these components allows for the
identification of both the magnitude and spatial extent of the smear
zone.
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Comparisons of Ux(x) and Uy(x) under different vacuum
pressures (70-90 kPa) enable a comprehensive assessment of the
effect of vacuum pressure on both deformation magnitude and
propagation range.

3. RESULTS & DISCUSSION

3.1. Determination of smear zone

The numerical results corresponding to a vacuum pressure of 90
kPa were selected for smear zone analysis, as this represents the highest
applied pressure and thus the most unfavorable condition in practice.
The displacement field after 180 days of treatment s illustrated in Figure
3, including (a) horizontal displacement (Ux) and (b) vertical
displacement (Uy). This figure presents the vector distribution over the
entire domain, providing a clear visualization of the deformation
pattern and its spatial propagation under combined vacuum
consolidation and prefabricated vertical drains (PVDs).
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Figure 3. Displacement vector field of the ground after treatment

Figure 3a shows that horizontal displacement vectors strongly
converge toward the treated zone, particularly around the PVD area.
The maximum displacement occurs near the boundary of the improved
ground and decreases progressively with increasing distance.
Meanwhile, Figure 3b indicates that vertical displacement is
predominantly downward (settlement) within the treated zone, with
larger magnitudes near the surface and diminishing with depth. The
combined displacement fields reflect the characteristic mechanism of
vacuum consolidation, where soil undergoes vertical compression
while simultaneously moving laterally toward the treatment area.

In terms of spatial extent, the smear zone can be identified by the
presence of significant displacement vectors beyond the PVD
boundary. The results indicate that deformation propagates to
approximately 1.75L from the edge of the treated zone (with L=21m,
corresponding to about 36.75 m). Within this range, both horizontal
and vertical displacements remain appreciable, indicating a clear
mechanical interaction between the improved ground and the
surrounding soil. Beyond this distance, displacement vectors rapidly
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diminish and approach zero, suggesting that the influence of ground
improvement becomes negligible.

Additionally, the results reveal that the most significant
deformation occurs at a depth of approximately L/2, where the
interaction between pore pressure dissipation and soil deformation is
maximized. At this depth, horizontal displacement also reaches its peak
value. Therefore, this level is selected as a representative section for
subsequent analysis of displacement variation with distance.

Table 2 presents the variation of horizontal (Ux) and vertical (Uy)
displacements with normalized distance (x/L) at two representative
depths, y = L/2 and y = L. The results clearly demonstrate the
attenuation of deformation with distance under combined
surcharge loading and vacuum pressure.

Table 2. Variation of horizontal (Ux) and vertical (Uy)
displacements with normalized distance (x/L) at depths y = L/2 and
y = L (vacuum pressures - VC = 90kPa)

y=L/2 y=L

X Ux(m) Uy(m) Ux(m) Uy(m)

0 0.540 -1.420 0.611 -0.367
0.25L 0.760 -0.600 0.495 -0.050
0.5L 0.700 -0.168 0.411 -0.044
0.75L 0.510 0.070 0.388 -0.039
1L 0.380 0.140 0.186 -0.005
1.25L 0.260 0.160 0.087 0.005
1.5L 0.150 0.140 0.035 0.008
1.75L 0.009 0.120 0.009 0.006

At depth y = L/2, horizontal displacement (Ux) remains positive
and decreases with distance, indicating outward lateral movement
of the soil from the treated zone. The magnitude is highest near the
treatment boundary and gradually reduces to nearly zero at x =
1.75L. This trend confirms that lateral deformation has a finite extent
and diminishes with distance. This behavior can be attributed to the
combined effects of surcharge loading and stress redistribution,
which induce outward lateral movement at the boundary.

Vertical displacement (Uy) at the same depth transitions from
negative values (settlement) near the treated zone to slightly positive
values (heave) further away. Within the treated area, vacuum pressure
reduces pore water pressure, increases effective stress, and induces
significant settlement. Outside the treated zone, outward lateral
movement leads to localized expansion, resulting in slight heave. This
transition reflects the non-uniform deformation state of the soil mass
under combined consolidation and lateral displacement.

At depth y = L, both horizontal and vertical displacements are
significantly smaller. Horizontal displacement continues to
decrease with distance and becomes negligible at x = 1.75L, while
vertical displacement fluctuates around zero with very small
magnitudes. This indicates that the influence of ground
improvement diminishes with depth, particularly near the bottom
of the soft soil layer.

Overall, the results indicate that the smear zone of vacuum-
assisted PVD treatment is mainly confined within a distance of less
than 1.75L from the treatment boundary. Beyond this range, both
horizontal and vertical displacements are negligible and can be
considered insignificant for engineering purposes, representing a
safe zone for adjacent structures.

3.2, Variation of horizontal displacement with distance
and effect of vacuum pressure

Table 3 presents the horizontal (Ux) and vertical (Uy) displacements
of the ground at normalized distances (x/L) under three different
vacuum pressures (70, 80, and 90 kPa). These results enable a
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quantitative assessment of the influence of vacuum pressure on both
the magnitude and extent of deformation in soft ground.

Table 3. Comparison of horizontal (Ux) and vertical (Uy)
displacements at normalized distances (x/L) under different vacuum
pressures

P=70kPa P =80 kPa P =90 kPa

X Ux Uy Ux Uy Ux Uy

(m) (m) (m) (m) (m) (m)
0 0425 -0.271 0554 -0.339 0611 -0.367
0.25L 0354 -0.039 0.448 -0.047 0495 -0.050
0.5L 0296 -0.031 0368 -0.037 0411 -0.044
0.75L  0.192 -0.028 0.272 -0.033 0.388 -0.039
1L 0.162  -0.006 0.18 -0.006 0.186  -0.006

1.25L  0.075 0.005 0.085 0.007 0.087 0.006
1.5L 0.031 0.005 0.034 0.008 0.035 0.008
1.75L  0.005 0.005 0.006 0.006 0.009 0.006

In terms of horizontal behavior, the displacement Ux increases
with increasing vacuum pressure at all locations. Specifically, near
the edge of the treated area (x = 0), Ux increases from 0.425 m (70
kPa) to 0.611 m (90 kPa), corresponding to an increase of
approximately 43.8%. At x = 0.25L, Ux increases from 0.354 m to
0.495 m (39.8%), and at x = 0.5L from 0.296 m to 0.411 m (38.9%).
However, as the distance increases, the influence of vacuum
pressure gradually diminishes; at x = 1.75L, Ux increases only from
0.005 m to 0.009 m, corresponding to about 80%, but the absolute
values are very small and can be considered negligible in
engineering practice.

For vertical displacement, Uy is predominantly negative
(settlement) near the treated zone and gradually approaches values
close to zero or slightly positive (minor heave) at larger distances. As
the vacuum pressure increases, the magnitude of settlement also
increases significantly. Specifically, at x = 0, Uy increases from -0.271
m (70 kPa) to -0.367 m (90 kPa), corresponding to an increase of
approximately 35.4% in magnitude. However, at farther locations
such as x = 1.25L, Uy remains very small (|Uy| < 0.008 m), indicating
that the vertical influence is nearly negligible.

In terms of spatial distribution, the maximum horizontal
displacement consistently occurs near the treated zone (x = 0),
while the minimum occurs at x = 1.75L, where Ux is nearly zero.
Based on this, the influence of vacuum pressure can be divided into
three characteristic zones: (i) a strong smear zone within x < L,
where horizontal displacement is large and sensitive to changes in
vacuum pressure; (ii) a moderate-weak smear zone within L < x <
1.75L, where displacement still varies but decreases rapidly with
distance; and (iii) a negligible smear zone (safe zone) for x > 1.75L,
where displacement is very small and can be ignored in engineering
analysis. This zoning indicates that the effect of vacuum pressure is
mainly concentrated within a distance of approximately L from the
treatment boundary and decreases markedly beyond this range.

Overall, the results show that vacuum pressure has a significant
effect on the magnitude of displacement, particularly in the region
close to the treated area. However, it does not significantly extend
the smear zone, as displacements remain very small at larger
distances (x > 1.75L) for all pressure levels. This demonstrates that
vacuum pressure primarily increases the intensity of deformation
within the directly affected zone (x < L), while the extent of
deformation propagation changes only marginally (L < x < 1.75L).
From an engineering perspective, the region beyond 1.75L (36.75
m) can be considered a safe zone, where both horizontal and
vertical displacements are negligible and are almost unaffected by

the ground improvement process, regardless of vacuum pressure
levels in the range of 70-90 kPa.

These findings are consistent with previous studies. Specifically,
studies [2], [3] reported that the smear zone of vacuum
consolidation may extend up to 20-23 m from the treatment
boundary. Similarly, [7], [8] demonstrated that isotropic
consolidation induced by vacuum pressure leads to outward lateral
displacement beyond the treated area. This agreement confirms
that the present numerical model reasonably captures the actual
behavior of soft ground under vacuum consolidation.

4. CONCLUSION

This study clarifies the deformation characteristics of soft
ground treated by vacuum-assisted PVD using finite element
analysis. The results indicate that horizontal displacement reaches
its maximum at the treatment boundary and decreases rapidly with
distance, while vertical displacement is dominated by settlement
within the treated zone and diminishes outward.

The smear zone extends to approximately 1.75L, which can be
divided into a strong smear zone (x < L), a transition zone (L < x <
1.75L), and a safe zone (x > 1.75L), where displacements are
negligible. Vacuum pressure significantly increases deformation
magnitude within the near-field zone (x < L), with increases
exceeding 15%, but does not significantly affect the extent of the
smear zone.

These findings provide a scientific basis for determining the
extent of ground improvement influence and defining safe
distances for adjacent structures when applying vacuum
consolidation methods.
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ABSTRACT

Crack formation in building walls is a key indicator of structural
deterioration and serviceability issues. Traditional inspection
methods are often labor-intensive, subjective, and limited in spatial
coverage. In recent years, Remote sensing technologies have
emerged as powerful tools for non-contact, large-scale structural
health monitoring. This review presents a comprehensive synthesis
of remote sensing techniques for crack detection and analysis in
building walls, including UAV photogrammetry, terrestrial laser
scanning, infrared thermography. and satellite-based monitoring.
The paper critically evaluates image processing and deep |earning
approaches for crack identification and quantification, with
emphasis on crack geometry extraction and temporal evolution
analysis. Key challenges such as resolution limitations,
environmental sensitivity, and data integration are discussed.
Finally, future research directions, including multi-sensor fusion
and digital twin integration, are highlighted. This review provides a
consolidated framewark for researchers and engineers to advance
remote sensing-based crack monitoring systems.

Keywords: Remote sensing; crack  detection; LAV
photogrammetry; LiDAR; structural health monitoring; deep
learning.

TOM TAT

St hinh thanh vét not trén twing nha |3 mat chi bao quan trong ve sy
xuding cAp cél tric va cac van dé vé kha nang sir dung. Céc phuong phap
kiém tra truyén thaing thuang tén nhiéu céng sirc, mang tinh chii quan va
bi han ché vé pham vi khang gian. Trong nhing ném gén day, cang nghe
vién tham da ndi lén nhu nhiimg cang cu manh mé dé giam st sic khoe
cAl tric quy ma lén theo phuong thire khang tigp xic. Bai tdng quan nay
trinh bay mat céach toan dién céc ky thuat vién tham trong phat hign va
phan tich vét nit trén tuang cong trinh, bao gam do anh [&p thé bing thigt
bi bay khang nguavi lai (UAV photogrammetry), quét laser mét dat, chup
anh nhiét hing ngoai va giam sét dua trén vé tinh. Bai bao danh gia mat
céch ph binh cac phuong phép xir Iy &nh va ho séu trong nhéan dang va
dinh lrgng vét nit, vai trong tam [ trich xudt hinh hoe vét nit va phan
tich sur phat trién theo thi gian Cac thach thir chinh nhur han ché vé da
phan gidi. da nhay vai diéu kign mai truang va van dé tich hop ditligu ciing
dugc théo luan. Cudi cing, céac dinh hudng nghién ciu trong trong lai,
ban gim tich hop da cém bign va img dung bén sao sd (digital twin), dugc
nhan manh. Bai tdng quan nay cung cp mat khudn khd tang hpp nhém ha
tro cac nha nghién ciu va kj sur trong vige phét trién cac hé thang giam
sét vét nirt dua trén cong ngh@ vien tham.

Tir khaa: Vién tham; phét hign vét nirt; chup &nh bang UAV; LiDAR;
giam sét sirc khae céu tric; hoc sau.

1.INTRODUCTION

Cracking in building walls is a critical indicator of structural
performance and long-term durability. These cracks may arise from
multiple interacting mechanisms, including material degradation,
shrinkage, thermal expansion and contraction, differential
settlement, and cyclic loading effects such as seismic or
environmental actions. From a structural mechanics perspective,
crack initiation typically reflects localized stress concentrations
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exceeding the tensile capacity of materials, while crack propagation
is governed by fracture mechanics and progressive stiffness
degradation (Structural Health Monitoring). If not properly
monitored, such damage can evolve into serviceability issues or
even structural failure [1], [2]. Accurate monitoring of crack initiation
and propagation is therefore essential for assessing structural
integrity and ensuring timely maintenance. Traditional inspection
methods-such as visual surveys, crack gauges, strain gauges, and
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linear variable differential transformers (LVDTs)-have been widely
used in practice. However, these approaches suffer from several
inherent limitations. Manual inspections are subjective and
dependent on inspector expertise, while contact-based sensors
provide only point-wise or localized measurements and may fail to
capture the global deformation pattern of the structure.
Furthermore, installation and maintenance of such sensors can be
intrusive and impractical for large-scale or inaccessible structures
[3], [4]. To overcome these limitations, non-contact monitoring
techniques based on remote sensing have gained increasing
attention over the past two decades. Advances in sensing platforms
and data processing algorithms have enabled high-resolution, full-
field, and repeatable measurements of structural conditions. For
instance, unmanned aerial vehicles (UAVs) equipped with high-
resolution cameras allow rapid and cost-effective inspection of
building facades and hard-to-reach areas. Similarly, terrestrial laser
scanning (TLS) provides dense 3D point clouds that can be used to
detect surface deformation and crack geometry with millimeter-
level accuracy. Infrared thermography offers additional capabilities
by identifying subsurface defects and delamination through
thermal anomalies (Infrared thermography) [5-7]. Despite these
advancements, significant challenges remain in translating remote
sensing data into reliable structural assessment metrics. A major
limitation lies in the quantitative characterization of crack evolution,
particularly under multi-temporal monitoring scenarios. While
many studies focus on crack detection using image processing or
deep learning techniques, fewer investigations address the
accurate measurement of crack width, depth, and propagation rate
over time. This gap is critical because structural safety assessment
depends not only on the presence of cracks but also on their growth
behavior and interaction with loading conditions [8], [9]. Another
key challenge is the integration of multi-source data from different
sensing modalities (e.g., UAV imagery, TLS point clouds, and
thermal data). Each technique has distinct spatial resolutions, noise
characteristics, and environmental sensitivities, making data fusion
and temporal consistency difficult. Moreover, environmental factors
such as lighting conditions, surface texture, and weather effects can
significantly influence detection accuracy, particularly in vision-
based methods [10]. Therefore, robust multi-temporal and multi-
sensor frameworks are still lacking, limiting the applicability of
remote sensing for long-term structural health monitoring. Given
these challenges, this paper aims to provide a comprehensive
review of remote sensing techniques for crack monitoring in
building structures. Specifically, it (i) reviews state-of-the-art
sensing technologies, including UAV-based imaging, TLS, and
thermographic methods; (ii) summarizes existing approaches for
crack detection and quantitative characterization; (iii) identifies
current limitations and research gaps, particularly in multi-temporal
analysis and data fusion; and (iv) proposes future research
directions toward more reliable, automated, and scalable structural
health monitoring systems.

2. OVERVIEW OF REMOTE SENSING TECHNIQUES FOR
CRACK MONITORING

2.1. UAV-Based Photogrammetry

UAV photogrammetry is widely used for crack detection due to
its flexibility, high spatial resolution, and cost-effectiveness. By
integrating high-resolution imaging with photogrammetry
methods such as structure-from-motion (SfM), UAVs can produce
detailed orthophotos and 3D models for structural assessment.
Under optimal conditions-such as low flight altitude and proper

lighting—sub-millimeter ground sampling distances can be
achieved, enabling detection of fine cracks (<1 mm), as shown in
Figs. 1&2[11], [12].

Figure 2. Defining structural cracks in exterior walls of concrete buildings using an
unmanned aerial vehicle [14]

The main advantages include high-resolution imaging, rapid
data acquisition, and accessibility to difficult or hazardous areas,
such as high-rise facades and bridge components. These features
improve inspection efficiency, safety, and spatial coverage
compared to conventional methods [15]. However, UAV
photogrammetry also has limitations. Detection accuracy is
sensitive to environmental conditions, particularly lighting
variations, shadows, and surface reflectivity, which can reduce crack
visibility. Additionally, occlusions from structural elements or
vegetation may lead to incomplete data capture. While crack
detection is effective, precise quantification of crack width remains
challenging due to resolution limits and image distortion [10], [16].
Overall, UAV photogrammetry is an efficient tool for large-scale
crack monitoring, though accuracy improvements and data
integration remain necessary.

2.2, Terrestrial Laser Scanning (TLS)

Terrestrial Laser Scanning (TLS) is a powerful remote sensing
technique that provides dense and accurate 3D point clouds for
detailed geometric analysis of structural surfaces. Based on the
principle of LiDAR, TLS systems emit laser pulses and measure the
return time to reconstruct surface geometry with millimeter-level
precision. This capability enables accurate mapping of surface
irregularities,  deformation  patterns, and  crack-related
discontinuities, making TLS particularly valuable for structural
health monitoring of large infrastructures such as tunnels, bridges,
and facades [17], [18].

L1 L] il
Figure 3. Tested objects: photographs and sample point clouds with marked areas
selected for analyses [19]
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Figure 4. Autonomous inspection of high-rise buildings for facade detection and 3D
modeling using UAVs [20]

One of the main advantages of TLS is its high geometric
accuracy and ability to capture full-field 3D data (Fig. 4). Unlike
image-based methods, TLS directly measures spatial coordinates,
allowing robust quantification of crack geometry, including
orientation, length, and displacement across crack surfaces [21],
[22]. Additionally, multi-temporal TLS surveys enable change
detection and deformation tracking, supporting long-term
monitoring of structural deterioration [23], [24]. However, TLS also
presents several limitations. The high cost of equipment and data
processing can limit widespread adoption, particularly for routine
inspections. Moreover, TLS struggles to detect very fine cracks
(typically <1 mm) because crack visibility depends on point density
and laser footprint size. Surface reflectivity and scanning angle can
also affect data quality, leading to noise or missing points in
complex geometries [25], [26]. Overall, TLS is highly effective for
precise geometric characterization and large-scale deformation
monitoring, but it is often complemented by high-resolution
imaging techniques for fine crack detection.

2.3. Infrared Thermography (IRT)

Infrared Thermography (IRT) is a non-destructive remote
sensing technique that detects subsurface defects by measuring
temperature variations on structural surfaces. It is based on the
principle that discontinuities-such as cracks, voids, or
delaminations-alter heat flow within a material, leading to localized
thermal anomalies that can be captured using infrared cameras
(Infrared thermography). In civil engineering applications, both
passive and active thermography are employed: passive IRT relies
on natural environmental heating (e.g., solar radiation), while active
IRT uses external heat sources to enhance defect visibility, as shown
in Fig. 5 [27], [28].

Figure 5. Thermal images of surface temperature of concrete test block [29]
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Figure 6. Infrared thermal detection of wall cracks of earthquake-damaged buildings [30]

One of the key advantages of IRT is its ability to detect hidden or
subsurface cracks that are not visible to conventional optical
methods (Fig. 6). This makes it particularly valuable for identifying
internal defects such as delamination in concrete, moisture
intrusion, or debonding in composite materials [31], [32].
Additionally, IRT is a non-contact and rapid technique, enabling
efficient inspection of large areas without requiring physical access
to the structure [33], [34]. However, the effectiveness of IRT is
strongly influenced by environmental conditions. Factors such as
solar radiation, ambient temperature, wind, and humidity can
significantly affect thermal readings and may introduce noise or
false indications [35], [36]. Moreover, successful detection requires
sufficient thermal contrast between defective and intact regions,
which may not always be present, particularly in thick or thermally
homogeneous materials [37]. The depth of detectable defects is also
limited, as thermal signals attenuate with depth [38]. Overall, IRT is
a powerful tool for rapid, non-contact detection of subsurface
defects, but its reliability depends on controlled conditions and is
often enhanced when combined with complementary techniques
such as UAV imaging or laser scanning.

2.4. Satellite Remote Sensing

Satellite-based remote sensing techniques, particularly
Interferometric Synthetic Aperture Radar (InSAR), have become
increasingly important for monitoring large-scale ground and
structural deformation associated with cracking. InSAR operates
based on the principle of Interferometric Synthetic Aperture Radar,
where phase differences between repeated radar acquisitions are
used to detect surface displacement with millimeter-level
sensitivity over wide areas. This makes it especially suitable for
tracking deformation processes such as land subsidence,
foundation settlement, and structural movement that may lead to
crack development in buildings and infrastructure [39], [40].

Figure 7. llustration of building damage levels on the satellite image of Hatay ity [41]
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One of the key advantages of InSAR is its ability to provide large
spatial coverage and long-term monitoring through continuous
satellite observations. Advanced techniques such as Persistent
Scatterer INSAR (PS-InSAR) and Small Baseline Subset (SBAS) allow
time-series analysis of deformation, enabling the identification of
progressive structural movements and early warning of potential
damage [42], [43]. This is particularly valuable for urban areas and
critical infrastructure networks, where conventional ground-based
monitoring would be costly and impractical (Fig. 7). However,
satellite-based methods also have notable limitations. The spatial
resolution of InSAR, although improving, is generally insufficient to
directly detect small cracks or localized damage at the structural
scale. Instead, it provides indirect measurements of deformation,
requiring interpretation to relate observed displacement to actual
cracking behavior. Additionally, signal decorrelation due to
vegetation, atmospheric disturbances, and geometric effects can
reduce data quality and reliability [44]. Overall, INSAR is a powerful
tool for regional-scale and long-term deformation monitoring, but
it is most effective when integrated with high-resolution, local
sensing techniques (e.g., UAV or TLS) for detailed crack assessment.

3. CRACK DETECTION AND QUANTIFICATION METHODS

3.1. Traditional image processing techniques

Traditional image processing techniques represent the earliest
approaches for crack detection in building walls, primarily relying
on pixel intensity variations to identify discontinuities associated
with cracks. These methods typically include edge detection (e.g.,
Canny and Sobel operators), thresholding, and morphological
operations.

Edge detection algorithms in Fig. 8 identify crack boundaries by
detecting abrupt intensity gradients, making them effective for
well-defined cracks under controlled conditions [45], [46].

b) Using Sobel Edge Detection (left) and Crack Detection using

Canny Edge Detection (right)
Figure 8. Crack detection [47], [48]
Thresholding techniques,

thresholding, segment crack regions by separating darker crack

such as global or adaptive

pixels from the surrounding surface, while morphological
operations (e.g., dilation, erosion, and closing) are employed to
refine crack continuity and remove noise, as illustrated in Figs. 9&10
[49].
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Figure 9. (A) Dense cracks; (B) Intersecting cracks; (C) Severe damaged dense cracks.
Comparison of image segmentation performance under complex conditions [50]
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Figure 10. An overview of morphology-based crack detection methods [51]

Despite their simplicity and computational efficiency, these
methods are highly sensitive to environmental factors, including
lighting variation, surface texture, and noise, often leading to false
detections in the presence of shadows, stains, or material
heterogeneity [16], [52]. Consequently, while traditional techniques
remain useful for preliminary assessments and controlled
experiments, their limitations in robustness and generalization have
motivated the development of more advanced, learning-based
approaches for reliable crack detection and monitoring.

3.2. Deep learning-based methods

Recent advances in artificial intelligence (Al), particularly deep
learning, have significantly improved automated crack detection.
Models based on Convolutional Neural Networks (CNNs) can
effectively extract features from images and distinguish cracks from
complex backgrounds, outperforming traditional methods [8].
Architectures such as U-Net enable pixel-level segmentation for
precise crack geometry, while YOLO provides fast and efficient
object detection suitable for real-time applications, as shown in Fig.
11 [53]. These approaches offer high accuracy-often exceeding
90%-and strong robustness under varying surface conditions. They
also allow automated processing of large datasets, reducing manual
inspection effort [10]. However, challenges remain. Deep learning
models require large labeled datasets, which are costly and time-
consuming to develop. In addition, high computational demand
can limit real-time deployment, and model performance may
decrease when applied to new environments [16]. Overall, Al-based
methods provide powerful tools for crack detection, though
improvements in data efficiency and generalization are still needed.
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Figure 11. Flowchart of the proposed architecture for detecting and quantifying road
cracks [54]
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3.3. Crack geometry quantification

Crack geometry quantification is essential for assessing
structural damage and performance. Key parameters include crack
width, length, orientation, and density, which together describe the
severity and evolution of cracking. Among these, crack width is the
most critical, as it relates directly to durability, stiffness degradation,
and serviceability limits, while orientation and distribution help
identify underlying stress mechanisms [16], [55]. In image-based
methods, crack dimensions are typically obtained using pixel
measurements and converted to real-world units through:
w=N, xS

Where N, is the number of pixels and S is the spatial resolution
derived from Camera calibration [56].

Advanced techniques such as sub-pixel edge detection and
deep learning segmentation improve measurement accuracy.
However, results remain sensitive to image resolution, lighting
conditions, and distortion, especially for very fine cracks [8].
Crack Geometry Quantification
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Figure 12. Crack geometry quantification

Fig. 12 describes the schematic of crack geometry quantification
is developed based on established image-based measurement
frameworks, including pixel-to-metric conversion [57], crack feature
extraction [58], and segmentation-based measurement workflows
[59]. This figure presents an integrated framework for crack
geometry quantification using image-based techniques. It begins
with pixel-to-metric conversion, where camera calibration defines
the spatial resolution required to transform pixel measurements
into real-world units. The workflow then applies segmentation
methods to isolate cracks and generate binary masks for accurate
measurement of crack width and length. Key geometric
parameters-width, length, orientation, and density-are extracted to
evaluate structural damage and deformation behavior. The
resolution analysis highlights that high-resolution imaging is
essential for detecting fine cracks (<0.2 mm), while low-resolution
images may fail to capture small defects. Overall, the figure
emphasizes the importance of calibration, segmentation, and
image quality in reliable crack assessment.

4. APPLICATIONS IN STRUCTURAL HEALTH MONITORING

Remote sensing techniques have been widely applied across
different structural systems, including concrete buildings, masonry
structures, bridges, and tunnels, each demonstrating distinct
strengths and limitations depending on the sensing modality and
structural context.

4.1. Concrete buildings (UAV + Al-based monitoring)

Remote sensing techniques have been widely applied for crack
monitoring in concrete buildings, providing efficient and non-
contact alternatives to traditional inspection methods. UAV
photogrammetry enables high-resolution surface imaging and
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supports automated crack detection through advanced image
processing and deep learning algorithms [8]. Infrared
thermography (IRT) extends this capability by identifying
subsurface defects such as delamination and moisture ingress
through thermal anomalies [27], [35]. In contrast, terrestrial laser
scanning (TLS) offers high geometric accuracy and dense 3D point
clouds, allowing precise quantification of crack geometry and
structural deformation [21], [22].

r |
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Figure 13. Automated crack detection using UAV: (a) Video shooting using UAV, (b)
Example image of real-time crack detection [60]

These techniques are particularly effective for inspecting large
or inaccessible structures, such as high-rise facades, and support
multi-temporal monitoring for tracking crack evolution under
environmental and mechanical loading [15], [16]. However, each
method has inherent limitations, and integrated approaches
combining UAV, IRT, and TLS are increasingly recommended to
achieve comprehensive and reliable structural health assessment.

4.2. Masonry Structures (TLS + Photogrammetry)

Remote sensing techniques have been increasingly applied to
crack monitoring in masonry structures, where damage is strongly
influenced by material heterogeneity, weak mortar joints, and
environmental effects. UAV photogrammetry enables efficient,
high-resolution mapping of facade cracks, supporting large-scale
inspection and digital documentation of historic buildings [11], [61].
Infrared thermography (IRT) is particularly effective for detecting
subsurface defects, such as voids, moisture ingress, and debonding,
which often precede visible cracking [27]. Meanwhile, terrestrial
laser scanning (TLS) provides accurate 3D geometric data for
quantifying crack width and structural deformation, which is
essential for stability assessment [22]. These techniques enable non-
invasive and multi-temporal monitoring, making them highly
suitable for heritage conservation, where physical intervention
must be minimized [62]. However, challenges remain due to surface
irregularities, weathering, and biological growth, which can affect
detection accuracy.

Figure 14 presents the final crack opening map of the St llyas
apse, where a maximum crack width of 10 cm can be observed. Only
the top part of this crack was analysed, the crack continues (with
smaller widths) at lower elevations.
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Figure 14. Fully automated crack measurements from the photogrammetry point
cloud of the apse of St llias church [63]
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5. CHALLENGES AND LIMITATIONS

Despite significant advances, remote sensing-based crack
monitoring in building walls still faces several critical challenges
related to sensing capability, data processing, and system
integration. One major limitation is the spatial resolution of sensing
systems, which restricts the detection of micro-cracks (<0.1 mm),
particularly under field conditions where imaging distance and
environmental factors reduce accuracy [16], [64]. In addition,
lighting variability, surface texture, and noise introduce false
detections, as shadows and stains may be misclassified as cracks
[52]. Occlusions from structural elements further compromise
detection continuity.

From a data processing perspective, high-resolution imaging
generates large datasets, posing challenges for storage,
transmission, and real-time analysis. Although deep learning
methods improve detection accuracy, they often suffer from
limited generalization across different materials and
environmental conditions [8]. Furthermore, the integration of
multi-sensor data, such as UAV imagery, TLS point clouds, and
infrared thermography, remains difficult due to differences in
resolution, coordinate systems, and data formats. The absence of
standardized data fusion frameworks and evaluation protocols
further limits practical implementation. Addressing these issues is
essential for developing reliable, scalable, and fully integrated
structural health monitoring systems.

6. CONCLUSIONS

Remote sensing techniques provide powerful tools for non-
contact crack monitoring; however, their effectiveness depends on
the complementary capabilities of different sensing modalities. UAV
photogrammetry offers high-resolution surface imaging and rapid
coverage, but its detection accuracy is limited by image resolution
and environmental conditions, with typical field detection
thresholds around 0.2-1 mm. In contrast, terrestrial laser scanning
(TLS) delivers millimeter-level geometric accuracy, making it
suitable for quantifying crack morphology and structural
deformation, although it is less effective for detecting very fine
cracks due to point density limitations.

Infrared thermography (IRT) overcomes the limitations of
optical methods by detecting subsurface defects through thermal
contrasts. However, its performance depends strongly on
environmental conditions and thermal excitation, and defect
detection is generally limited to shallow depths due to heat
diffusion. Satellite-based techniques such as InSAR provide valuable
large-scale deformation monitoring but cannot directly resolve
individual cracks.

A major challenge is the lack of consistency in crack
quantification across different methods, as well as difficulties in
multi-sensor data integration due to differences in resolution and
coordinate systems. Overall, no single technique is sufficient;
integrated multi-sensor approaches are essential for reliable and
comprehensive structural health monitoring.
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