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TOM TAT

Trong nhitng nam gén day, tri tué nhan tao (Artificial Intelligence - Al) da tré thanh mat trong nhirng cong nghé cdt |&i thic ddy
chuyén ddi sd trong nganh Xay dung. Ddi vai cac du &n ha tng quy mé |an nhu céng trinh cdu, giai doan thi cang thuang ddi mat
viri nhigu thach thirc vé quan Iy tién da. kiém soat chét lrgng, an toan lao dang va tdi wu hda ngudn luc. Nghién ciu nay tdng quan
céc hudng (ng dung chinh cia Al trong giai doan thi céng cdu dva trén cac nghign ciru khoa hoc qudc t& gan day. Kt qua cho thay
Al dang dugc ap dung chi yéu trong 3 linh vuc chinh, bao gom: (i) Lap k& hoach va tdi vu hda tign da thi cong dva trén may hoc
(machine learning); (ii) giam sét tién da thi cong tu dang bing thi giac may tinh k&t hgp camera va UAV; (ii) kiém soat chat lugng
va phat hién khuy&t tat k&t cau bing cac thuat toan hoc sau; (iv) du bao rii ro va quén |y an toan lao dang trén cang truang va (v)
tich hop Al vai BIM va Digital Twin dé xay dung hé théng quan |y thi cong thang minh. Cac nghién ciu cho thay viec @ng dung Al ca
tiém nang nang cao dang ke higu qua quan |y thi cang. cai thign da chinh xac trong giam sat cang trudng va gidm thiéu rii ro trong
cac du an cdu. Tuy nhién, mat sd thach thie van ton tai, bao gom han ché vé di ligu huén luyén, kha nang tdng quét hoa cia ma
hinh giira cac du an khac nhau va viéc tich hop Al vao quy trinh quén |y xay dung truyén thang. Nghign ciru nay gop phén hé thing
haa cac xu hwdng nghign ciu hign nay va dé xuét cac dinh hudng phat trién cho vige tng dung Al trong thi céng cang trinh céu.
Tir khda: Tri tug nhan tao (Al); quéan Iy thi cang cdu; thi giac may tinh trong xay dung; ban sao kj thuat sd cho ha tdng; ma hinh
thang tin xay duyng BIM; phén tich an toan trong xay dung.

ABSTRACT

In recent years, Artificial Intelligence (Al) has emerged as one of the key enabling technologies driving digital transformation in
the construction industry. For large-scale infrastructure projects such as bridges, the construction phase often faces significant
challenges related to schedule management, quality control, construction safety and resource optimization. This study provides
a comprehensive review of the major applications of Al in the bridge construction phase based on recent international scientific
literature. The findings indicate that Al is primarily applied in five key areas: (i) Construction planning and schedule optimization
using machine learning techniques; (i) automated construction progress monitoring through computer vision integrated with
cameras and unmanned aerial vehicles (UAVs); (iii) quality control and structural defect detection using deep learning algorithms;
(iv) construction safety management and risk prediction on construction sites and (v) the integration of Al with Building
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Information Modeling (BIM) and Digital Twin technologies to develop intelligent construction management systems. Existing studies
demonstrate that Al applications have significant potential to enhance construction management efficiency, improve the accuracy
of site monitoring and mitigate risks in bridge construction projects. However, several challenges remain, including limitations in
training data availability, the generalization capability of Al models across different projects and the integration of Al technologies
into conventional construction management workflows. This study contributes to systematizing current research trends and
proposes future directions for the application of Al in bridge construction engineering.

Keywords: Artificial intelligence (Al); bridge construction management; computer vision in construction; digital twin for

infrastructure; BIM-enabled Construction; construction safety analytics; smart infrastructure systems.

1. DAT VAN BE

Nganh Xay dung toan cau tir lau da d6i mat vai nhiéu thach
thiic nhu nang suat thap, muc d6 khong chac chan cao va rdi ro an
toan I6n. So vai cac nganh cong nghiép san xuat, téc do tang nang
sudt ctia nganh Xay dung trong nhiéu thap ky qua la rat cham [1].
Cac dy an ha tang quy mé 1én nhu cong trinh cau dac biét phuc
tap do quy moé I6n, quy trinh thi cdng nhiéu giai doan va yéu cau
an toan cao.

Trong bdi cdnh d6, tri tué nhan tao (Al) dang ndi Ién nhu mot
c6ng nghé mang tinh chuyén déi trong linh vuc ky thuat xay dung.
Thoéng qua viéc tich hgp hoc mdy (Machine Learning), thi gidc may
tinh (Computer Vision), robot va cong nghé Digital Twin, Al c6 kha
nang cai thién dang ké qua trinh ra quyét dinh, tu dong héa va quan
ly an toan trong qua trinh thi cong cau.

Cac nghién ctu gan day cho thay ing dung Al trong thi cong
cau chl yéu tap trung vao 5 linh vuc chinh:

1. Lap ké hoach va t6i uu héa tién d6 thi cong

2. Giam sat tién dé thi cong tu ddng bang thi giac may tinh

3. Kiém soat chat lugng va phat hién khuyét tat

4.Quan ly an toan va du bao rti ro trong thi céng

5. Quan ly thi cong thong minh dua trén BIM va Digital Twin

K&t qua clia cac nghién ctiu cho thay viéc tng dung Al 6 tiém
nang nang cao dang ké hiéu qua quan ly thi cong, cai thién dé chinh
Xac trong giam sat céng trudng va giam thiéu ri ro trong cac du an
cau. Tuy nhién, mot s6 thach thic van ton tai, bao gém han ché vé
dir liéu huan luyén, kha nang téng quat hda clia mé hinh gilra cac
dy an khac nhau va viéc tich hgp Al vao quy trinh quan ly xay dung
truyén théng. Nghién ctiu nay gép phan hé théng hoa cac xu huéng
nghién ctiu hién nay va dé xuat cac dinh hudng phat trién cho viéc
Ung dung Al trong thi céng céng trinh cau.

2.UNG DUNG Al TRONG LAP KE HOACH VA TOI UU TIEN DO
THI CONG

Lap k& hoach thi céng la mot trong nhitng nhiém vu quan
trong nhat trong cac dy an xay dung cau. Cac phuong phap truyén
théng nhu CPM va PERT chii yéu duya vao kinh nghiém cda chuyén
gia va dt liéu lich str.

Trong nhiing ndm gan day, cac mé hinh hoc may da dugc phat
trién nhdm cai thién viéc lap tién do thi cong bang cach hoc cac
mau d liéu ti cac du an trude do.

Dién hinh 13, Valdebenito va cong su (2024) [3] da dé xuat mot
hé thong lap tién d6 thi cong dua trén Al tich hop véi BIM, cho phép
tu dong tao ti€n dé thi cong tur dir liéu IFC cia m6 hinh BIM. Két qua
cho thay hé théng nay cai thién dang ké do chinh xac so véi cac
phuong phap 13p tién do truyén thong.

Tuong ty, Zhang va cdng sy (2023) [4] da st dung thuat todn
hoc tang cudng (Reinforcement Learning) dé€ t6i uu héa phan bé tai

nguyén trong cac du an ha tang phuc tap.

Trong thi cong cau, cac ky thuat nay dac biét hitu ich cho viéc
t6i uu hda cac phuang phép thi cong nhu:

-Thi céng duc hadng can bang;

- Thi cdng ddy dam (incremental launching);

- Thi céng cau day vang;

- Thi céng cau bé tong phan doan.

Cac phuong phép thi cdng nay cé su phu thudc phtc tap gitia
cac cong doan, do d6 rat phu hgp véi cac mo hinh t6i uu héa bang Al.

3. UNG DUNG THI GIAC MAY TiNH TRONG GIAM SAT TIEN
PO THI CONG CAU

Thi gidc mdy tinh (Computer Vision) la mot trong nhiing linh
vuc nghién ctru phat trién manh nhat trong nganh tin hoc xay dung.

Cac hé thong giam sat thi cong hién dai thuong st dung
camera cdng trudng, drone va UAV dé thu thap dir liéu hinh anh tu
hién trudng. Sau do, cac thuat toan hoc sau (Deep Learning) dugc
st dung dé nhan dién cac hoat dong thi cdng va danh gia tién do
duan.

Yang va cong su (2023) [5] da phét trién mét hé théng nhan dang
théng minh cho giam sat thi cong cau st dung mang no-ron tich chap
(CNN). Hé thong c6 kha nang tu dong nhan dién cac cau kién cau va
udc lugng tién d6 thi cong tir dir liéu anh chup bang drone.

Golparvar-Fard va céng sy (2015) [2] la nhiing ngudi tién
phong trong nghién ctu giam sat tién dé thi cong tu dong bang
cach két hgp thi giac may tinh véi mo hinh BIM.

Cac nghién ctu gan day cho thay hé théng giam sat dua trén
Al c6 thé:

-Tu dong nhan dién céac cau kién két cau;

- Ud6c lugng ty 1é hoan thanh céng viég;

- Phat hién su cham tién dé.

Céac hé théng nay gilp gidam dang ké nhu ciu kiém tra hién
truong thi cong.

4. UNG DUNG Al TRONG KIEM SOAT CHAT LUONG THI
CONG CAu

Kiém tra chat lugng la yéu t6 quan trong dé dam bao an toan
két cdu trong qua trinh thi cong cau.

Theo phuong phap truyén théng, cdng tac kiém tra thudng
dugc thuc hién bang quan sat truc ti€p cta cac ky su. Tuy nhién,
phuong phap nay ton nhiéu thai gian va dé xay ra sai sot do yéu to
con ngudi.

Cac ky thuat thi gidc may tinh va hoc sau hién nay da dugc su
dung rong rai dé phat hién cac khuyét tat két ciu cau.

Cha va cong su (2017) [6] da phat trién hé thdng phat hién vét
nut bé tdng bang CNN véi d6 chinh xac cao.

Mostafa va cdng su (2021) [7] st dung hé théng UAV két hop
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V@i hoc sau dé phat hién cac khuyét tat bé mat cau.

Cac nghién ctru gan day con két hgp cong nghé quét laser va
photogrammetry véi Al d€ tao mé hinh as-built chinh xac cla cac
két cau cau.

Nhiing c6ng nghé nay gidp tu déng héa qua trinh ki€ém soat
chéat lugng trong thi cong cau.

5. UNG DUNG Al TRONG QUAN LY AN TOAN THI CONG

An toan lao déng la mét trong nhimng van dé quan trong nhat
trong thi céng cau.

Cac coéng trinh cau thudng c6 nhiéu rai ro do:

- Lam viéc trén cao;

- Nang ha cau kién nang;

- Thi c6ng trén sdng hodc bién.

Cac nghién ctu gan day da ap dung Al dé giam sat diéu kién
an toan trén cong trudng.

Fang va cong su (2020) [8] da phat trién hé théng gidm séat an
toan dua trén thi gidc may tinh c6 kha nang phat hién cac hanh vi
nguy hiém clia cong nhan.

Céc nghién ctiu khac st dung mé hinh hoc may dé du béo tai
nan lao dong dua trén di liéu an toan lich su.

Cac mo hinh nay c6 thé xac dinh cac yéu té rdi ro nhu:

- Sy mét méi clia cong nhan;

- Diéu kién lam viéc khong an toan;

- Su ¢6 thiét bi;

- Diéu kién moi trudng.

Céc hé théng canh bao sém dua trén Al c6 thé gidp gidm dang
ké nguy co tai nan.

6. DIGITALTWIN VA HETH6NG THI CONG CAUTHONG MINH

Céng nghé Digital Twin gan day da tr¢ thanh mot hudng
nghién ctu quan trong trong linh vuc ha tang thdng minh.

Digital Twin Ia ban sao s6 ciia moét tai san vat ly dugc két ndi véi
d liéu thai gian thuc tir cac hé théng cdm bién va giam sat.

Trong thi céng cau, Digital Twin cé thé tich hgp nhiéu nguén
di liéu khac nhau nhu:

- M6 hinh BIM;

- Dt liéu tién d6 thi cong;

- Dirliéu cam bién;

- DU liéu moi trudng.

Yishuo va céng su (2024) [9], Lu va cdng su (2020) [10], Wu va
cdng su (2025) [11] da dé xuat mét khung Digital Twin cho quan ly
thi cong cau tich hgp BIM va d liéu loT.

Hé théng cho phép cac ky su:

-Theo déi ti€n dé thi cong theo thai gian thuc;

- M6 phong céc phuong an thi cong khac nhau;

- Hé trg ra quyét dinh trong quan ly du an.

Digital Twin cing hd trg du bdo va téi uu héa trong cac du an
ha tang quy mé 16n.

7.THACH THU'C VA KHOANG TRONG NGHIEN CUU

7.1.Téng hop cac nghién citu tiéu biéu vé Al trong thi cong
cdng trinh cau

Bang 1. Bang téng hop cac nghién cidu tiéu bi€u vé Al trong
thi cdng cau

Tac gia Nam | Phuong phap Al Ung dung

Golparvar-Fard 2015 Computer Vision Giam sat tién do

Chaetal. 2017 CNN Phat hién vét nut

262| XAYDUNG 04.2026 | ISSN 2734-9888

Tac gia Nam | Phuong phap Al Ung dung
UAV + Deep e N
Mostafa et al. 2021 . Kiém tra cau
Learning
Fang etal. 2020 Deep Learning Giam sat an toan
. ) Thi cong cau théng
Luetal. 2020 Digital Twin .
minh
Yang et al. 2023 CNN Giam sat thi céng cau
Reinforcement e
Zhang et al. 2023 . T6i uu tién do
Learning
Valdebenito A ik A .
tal 2024 Al +BIM Lap tién d6 tu dong
etal.

Mac du da cé nhiéu tién bo, viéc iing dung Al trong thi cong
cau van con nhiéu thach thuec.

7.2.Thiéu dit liéu

Cac mé hinh Al can lugng di liéu I6n d€ hudn luyén. Tuy nhién,
dir liéu thi cong thudng rdi rac va chua dugc chudn hoa.

7.3.Kha nang téng quat héa

Cac du an cau cé thiét ké, moi trudng va phuong phap thi cong
khac nhau. Vi vady, cdc m6 hinh Al dugc huan luyén trén mot du én co
thé& khéng hoat dong tét trén du an khac.

7.4.Tich hgp vao hé théng quan ly

Nhiéu giai phap Al van & muc nghién ctu va chua duoc tich
hgp day da vao quy trinh quan ly du an thuc té.

7.5.Tinh minh bach ctia Al

Trong cac du an ha tang quan trong, cac ky su can cac hé théng
Al ¢6 kha nang gidi thich dé hé trg ra quyét dinh.

8. DE XUAT BPINH HUGNG NGHIEN CUU

Tu téng quan nghién clu va Ung dung da dugc tim hiéu va
phan tich, bai bao dé xuat cac dinh hudng nghién ctu cu thé trong
tuong lai can tap trung nhu sau.

8.1. Xay dung co s& dit liéu thi cong chuan héa

Trong bé&i cdnh chuyén d6i s6 nganh Xay dung, dac biét ddi vai
linh vuc thi cong céng trinh cau, di liéu hién trudng dugc tao ra tir
nhiéu nguén khac nhau nhu mé hinh BIM, hé so thiét ké, nhat ky thi
céng, bién ban chat luong, bdo céo ti€n d6 va dir liéu hinh anh, tuy
nhién van ton tai & trang thai phan tan, khéng déng nhat va thiéu
chuén hoa vé ca cdu trac 1an ngl nghia. Thuc trang nay lam han ché
kha nang tich hgp, khai thac va dac biét la tng dung tri tué nhan tao
trong quan ly thi cong.

Trén co s& do6, hudng nghién ctu dé xuat tap trung vao viéc
phat trién mot khung chuan hoéa dit liéu thi cdng cong trinh cau theo
cach ti€p can tich hop gilra mé hinh théng tin céng trinh ha tang (IFC
Bridge), ontology mién va knowledge graph, nham xay dung moét co
s& ditliéu nglr nghia c6 kha nang may hiéu va lién théng.

Trong khung nghién ctiu nay, céc ky thuat Al, dac biét la x{r ly
ngdn ngir tu nhién va hoc may, dugc st dung dé tu ddng trich xudt,
chuén hoéa va anh xa d liéu ti cac nguédn phi cdu tric nhu nhat ky
va bao cao hién trudng vao mé hinh dit liéu chudn.

Nghién ctu khéng chi hudng tdi viéc nang cao chat lugng d
liéu théng qua cac tiéu chi nhu tinh day du, tinh nhat quan va kha
nang truy vét, ma con tao nén tang cho cac iing dung nang cao nhu
phat hién bat thudng, du bao tién dé, kiém soét chat lugng va hé trg
ra quyét dinh trong thi cdng cau.

Véi cach ti€p can nay, Al khong dugc xem la cong cu déc lap,
ma la thanh phan trong mot hé sinh théi di liéu gém chuan BIM,
ontology va knowledge graph, qua d6 gop phan hinh thanh mot
moi truong di liéu chung cé ngl nghia, phuc vu hiéu qua cho quan
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ly thi cdng théng minh va phat trién bén viing trong linh vuc ha
tang giao thoéng.

8.2.Tich hop Al véi BIM va Digital Twin

Su tich hgp gilra tri tué nhan tao (Al), mé hinh théng tin céng
trinh (BIM) va Digital Twin dang m& ra mot hudng ti€p can mdi
trong quan ly xay dung, cho phép chuyén tir quan ly dua trén dir
liéu tinh sang hé théng thong minh dya trén dir liéu thai gian thyc.

Tuy nhién, qua trinh tich hgp nay van gap nhiéu théach thic
do sy khong déng nhat vé cdu trdc va nglr nghia d liéy, cling nhu
han ché trong viéc dong bo gitra m6 hinh thiét ké va trang thai thuc
té€ clia cong trinh. Nghién ctu nay dé xuat mét khung tich hop Al-
BIM-Digital Twin, trong dé BIM cung cap nén tang dir liéu ky thuat,
Digital Twin phan anh trang thai van hanh déng ctia cdng trinh va Al
dong vai tro xu ly, phan tich va hé trg ra quyét dinh.

Viéc két hgp cac ky thuat Al véi cac mé hinh ngit nghia nhu
ontology va knowledge graph cho phép nang cao chat lugng di
liéu, tdng cudng kha nang lién théng va khai thac thong tin, dong
thai hé trg cac ing dung nhu du bao tién do, phat hién bat thuéng
va t6i uu héa nguén luc. Cach ti€p can nay gop phan xay dung nén
tang cho cac hé théng quan ly xay dung théng minh, hudng téi
phat trién ha tdng s6 hoa va bén viing.

8.3. Phét trién robot thi cong cau théng minh

Su phat trién clia cdng nghé robot va tri tué nhan tao dang
tao ra nhiing thay dgi can ban trong linh vuc thi cong cong trinh
cau, dac biét trong boi canh yéu cau ngay cang cao vé an toan, chat
lugng va hiéu qua thi cong. Tuy nhién, viéc tng dung robot trong
thi cédng cau van con han ché do méi trudng lam viéc phuc tap, diéu
kién dia hinh da dang va thi€u cac hé théng diéu khién théng minh
¢6 khd nang thich ting theo thai gian thuc.

Nghién cdiu nay dé xuat dinh hudng phét trién robot thi cong
cau thédng minh dua trén sy tich hgp gitia Al, hé thong cam bién va
mo hinh s6 cong trinh, cho phép robot thuc hién cac nhiém vu nhu
I3p dung, d6 bé tdng, ki€ém tra chat lugng va giam sat hién trudng
véi muc do tu déng hoa cao.

Trong d6, Al dong vai trd xt ly dir liéu cdm bién, nhan dién
mai trudng va téi uu héa hanh vi diéu khién, giup robot thich tng
vGi diéu kién thi cong thuc té. Déng thdi, viéc két noi véi cac nén
tang s6 nhu BIM va Digital Twin cho phép dong b gilra ké hoach
thi céng va trang thai thuc t€, qua d6 nang cao hiéu qua diéu phéi
va kiém soat.

K&t qua ky vong la mot hé théng robot c6 kha nang hoat dong
an toan, chinh xac va linh hoat, gép phan thuc ddy tu dong hoéa
trong thi cdng cau va hudng t6i xay dung thong minh, bén ving.

8.4. Hé thdng giam sat thi cong tu déng

Hé thong gidm sét thi cong tu dong dang trd thanh mot thanh
phan quan trong trong qué trinh chuyén d8i s6 nganh Xay dung,
dac biét déi vai cac cong trinh cau ¢ quy mé 1én va diéu kién thi
céng phuc tap. Tuy nhién, cac phuong phap giam sat truyén théng
chti yéu dya vao quan sét thu cong va bao cao dinh ky, dan dén do
tré théng tin, thi€u tinh lién tuc va khé phat hién kip thai cac sai léch
trong qua trinh thi cong.

Nghién ctru ndy dé xudt phat trién mot hé théng gidm sét thi
céng tu dong dua trén su tich hop gilia cdm bién, thi gidc may tinh
va tri tué nhan tao, cho phép thu thap, phan tich va danh gia dirliéu
hién trudng theo thdi gian thuc. Hé théng c6 kha nang nhan dién
trang thai thi céng, theo ddi tién do, phat hién bat thuong va hé trg
kiém soat chat lugng théng qua viéc x( ly dit liéu tir hinh anh, video
va céc thiét bi do ludng.

Dong thdi, viéc két néi vai cac nén tang s6 nhu BIM va Digital
Twin gitp déng bé gitia ké hoach va thuc té thi cong, qua d6 nang
cao tinh minh bach va kha nang ra quyét dinh. Cach ti€p can nay

gbp phan xay dung mdt moéi trudng thi cong théng minh, an toan
va hiéu qua, dap Ung yéu cau ngay cang cao clia cac du an ha tang
hién dai.

8.5. Hé théng hé tro ra quyét dinh théng minh cho quan
ly ha tang

Trong b8i cdnh phat trién ha tdng quy mé 16n va yéu ciu quan
ly ngay cang phuc tap, viéc ra quyét dinh hiéu qua doi hoi su tich
hgp va khai thac déng thai nhiéu nguén dit liéu khac nhau. Tuy
nhién, cac hé théng quan ly truyén théng thudng thiéu kha néng
phan tich téng hgp va hé trg ra quyét dinh theo thdi gian thuc, dan
dén viéc phan tng cham trudc cac bién déng trong qua trinh van
hanh va bdo tri cong trinh.

Nghién clu nay dé xudt phat trién mét hé théng hé tro ra
quyét dinh thong minh cho quan ly ha tang dua trén su tich hgp
gilia tri tué nhan tao, mé hinh di liéu nglt nghia va cac nén tang s6
nhu BIM va Digital Twin. Hé théng cho phép thu thap, chuan hoa va
phan tich dit liéu tir nhiéu nguén, bao gém dit liéu van hanh, bao tri,
cam bién va lich st cong trinh, tir d6 cung cap cac khuyén nghi toi
uu vé bao tri, phan bé ngudn luc va quan ly ri ro.

Viéc 4p dung cac mé hinh hoc may va suy luan trén knowledge
graph - dé thi tri thuc gitp nang cao kha nang du bao, phat hién
bat thudng va danh gia kich ban, hé trg ngudi quan ly dua ra quyét
dinh kip thoi va chinh xac. Cach tiép can nay gép phan xay dung
hé théng quan ly ha tang théng minh, hudng tdi téi uu héa chi phi
vong d&i va dadm bao tinh bén viing cta cong trinh.
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