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Nghién ctru ing dung cac giai phap thong minh, tién tién trong

thi cong cong trinh ngam

1, Tong quan.

Thé ky 21 da ching kién sy bung nd trong phat trién dudng ham va khong
gian ngam dé dap ung dugc nhu cau chat lugng cudce séng tot hon cing voi su
tién bo lién tuc cua trinh d6 kinh té xa hoi. Hién nay, cac phuong phap xay dung
duong ham pho bién c6 thé duogc phén loai thanh hai nhém: nhom phuong phap
thi cong 16 thién (dao hd) va nhém phuong phap dao ngam.

Céc phuong phap thudc nhém dao ngdm nodi chung bao gdm: phuong phap
khoan — nd min thong thudng, phwong phap dao ham kiéu méi cia Ao (NATM),
phuong phap dao ham bang may dao hAm TBM.

Céc phuong phép thi cong cong trinh ngdm bang nhom thi cong ngam c6
mot sb cac dic diém chinh: Vé vu diém, day 1a cac phuong phap co thé tdi uu
dién tich mat bang, giam thiéu viéc giai phong mit bang, it anh huong dén giao
thong, d6 thi va cac cong trinh hién hiru trén mat dat trong suot qua trinh thi cong.
Vé cac nhugc diém ciia cac phuong phép thi cong ngam, gom:

+ Phu thudc chiit ché vao diéu kién dia chat & thiy vin: D6 6n dinh
ctia guong dao, ap luc dat d4 va nude ngdm quyét dinh viéc lya chon cong nghé,
bién phép gia c¢b tam thdi cling nhu toc do thi cong.

+ Chi phi diu tw ban diu cao: Yéu cau may moc, thiét bi chuyén dung
dat tién (nhu may TBM, thiét bi phun bé tong, may khoan ham) cung doi ngii
nhan lyc ¢o trinh dd k¥ thuat cao.

+ Ruii ro dia chat khé lwong: Ludn ton tai rai ro sat 16, sut lin mat dat
hoic bién dang két cAu vo ham néu cong tac khao sat, du bao trudc guong dao
hodc diéu khién ap Iuc khong chinh xéc.

Pic diém riéng clia cac phuwong phap diao ngim pho bién

A. Phwong phéap dao him bang may TBM (Tunnel Boring Machine)

+ Pic diém: St dung may ddo toan dién két hop dao dat da, van chuyén
bun/dat va lap ghép cac tAim vo ham duc sin (segments) ngay trong khi tién may.

+ Uu diém: Téc do thi cong rat nhanh va lién tuc; Mirc d6 an toan lao dong
cao, tuy dong hda cao; Kha nang kiém soat sut lin mat dat cuc tot nho duy tri ap



luc can bang tai gwong dao (EPB TBM cho dat yéu, Slurry TBM cho dat c6 ap
lyc nudc ngam cao).

+ Nhwoge diém: Chi phi dau tu thiét bi rat 16n, thoi gian huy dong va lap dat
may lau; Poi hoi chiéu dai doan ham du 16n mdi dat hiéu qua kinh té; Kém linh
hoat khi duong kinh ham hoic hinh dang mit cat ngang thay doi.

B. Phuong phap NATM (New Austrian Tunnelling Method - Phwong
phap thi cong him méi ciia Ao)

+ Pac diém: Tan dung t6i da kha nang tu hd tro chiu luc cua khdi dat da xung
quanh ham bang cach cho phép dat da bién dang c6 ki€m soat, két hgp gia c6 kip
thoi bang neo da, ludi thép va bé tong phun.

+ U'u diém: Tinh linh hoat rit cao voi nhiéu hinh dang mat cat ham va diéu
kién dia chat thay doi; Chi phi thiét bi ban dau thap hon nhiéu so vdi TBM; Dé
dang xtr ly cac doan giao cat, ga ngdm hoac ham c6 kich thudc mé rong.

+ Nhwoe diém: Phu thudc 16n vao tay nghé cong nhan va kinh nghiém ciia ky
su tai hién truong; o1 hoi hé théng quan tric, do dac bién dang lién tuc va nghiém
ngit (Real-time monitoring); Yéu cau cac bién phap xt 1y bo sung (nhu khoan
phut vira gia ¢d, ha muc nuéc ngdm) néu thi cong trong dat mém yéu.

C. Phuong phéap khoan né da (Drill and Blast)

+ Pic diém: Khoan cac 15 khoan trén mit guong dao, nhdi thude nd, nd theo
chu ky, sau d6 xtic tién dat da va gia c6 chong dd (thuong két hop nguyén ly
NATM trong da cing).

+ U'n diém: Thich hop cho cac cong trinh ngdm qua ving dia chit da cing
dén rat cimg; Thiét bi thi cong twong ddi don gian, linh hoat diéu chinh quy mé
dao.

+ Nhuwoe diém: Giy chin dong, rung chin va tiéng 6n 16n, khé ap dung duéi
long do thi; Thi cong theo chu ky gian doan, chu ky an toan lao dong doi hoi kiém
soat khi doc va da roi nghiém ngat.

D. Phuwong phap kich ong (Pipe Jacking)

+ Pic diém: St dung cac kich thuy luc dat tai giéng xuat phat dé day cac dot
ong duc san tién dan vao trong 10ng dat dang sau mot dau khoan cit dat.

+ U'u diém: Rat phu hop cho cac tuyén cdng, duong 6ng ky thuat do thi c6
duong kinh vira va nho; Khong gay gian doan bé mat giao thong do th.

+ Nhwoe diém: Han ché vé chiéu dai dot kich (phu thudc vao ma sat thanh

6ng va lyc kich); Kho diéu chinh khi tuyén ham c6 ban kinh cong qué nho.
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Phuong phap dao hd hay con goi 1a phuong phép thi cong 10 thién, chia
thanh 3 phwong phap nho, gdm: phuong phap Bottom Up; phuong phap Topdown
va phuong phap Semi Topdown

Phuong phap thi cong 10 thién c6 sau dic diém chinh:

(1) Thi céng ngoai troi, trong d6 thoi gian va chat luong thi cong bi anh
huong dang ké boi di€u kién thoi tiét;

(2) Nhiéu khu vic 1am viéc v6i su tham gia cta nhiéu nganh nghé khéc
nhau, dan dén t6 chirc va thyc hién thi cong phuc tap, kho kiém soat toan dién;

(3) Thuc hién song song nhiéu quy trinh trong khéng gian lam viéc ngoai
tro1, giip nang cao hi¢u qua thi cong;

(4) Thiéu su phdi hop giita cac quy trinh, dan dén hiéu qua cong viéc thap;

(5) Trinh d6 chuyén mén hoa thip cua thiét bi xay dung chuyén nghiép,
véi cac quy trinh nhu budc cot thép han ché tién do thi cong;

(6) Mitc d6 tu dong hoa thap cia may moc xay dung.
Tinh trang nghién ctru vé k¥ thuat duong ham thong minh

X4y dung cong trinh ngdm, duong ham bang phuong phap thi cong 16 thién
duoc ing dung rong ri trén toan thé gidi trong cac dy an dudng sit do thi, duong
cao toc va thuy loi, thuong str dung cac thiét bi co gidi hoa va thong minh nhu xe
day 16t di dong va hé théng van khudn vong kin dé ning cao hiéu qua va chat
lugng 16t. Hién tai, phuong phap thi cong 10 thién st dung cho céc cong trinh
ngam di duogc nang cép, ty dong hoa toan bd quy trinh. Tiép d6, dang chuyén doi
sang xay dung théng minh, voi mot sb tng dung thong minh d3 duoc trién khai.

Véi sy phat trién nhanh chéng cta khoa hoc va cong nghé, cac cong nghé
thong minh d duoc ing dung rong rai trong nhiéu linh vire, bao gdm ca xay dung
cong trinh ngdm, dudng ham [8]. Trong sé d6, nghién ctru vé xay dung thong
minh st dung phuong phap khoan no va dao him bang khién chan da dic biét noi
bat. Liu Feixiang [9] d4 tong két va hoan thién mot cach c6 hé thdng cac thiét bi
xay dung thong minh va bén cong nghé hd tro cho dudng hadm khoan nd: hé théng
nhén dang va xt Iy théng s6 da xung quanh, hé théng dinh vi va do ludong khong
gian ba chiéu, hé théng xtr Iy va chia sé dit liéu 16n, va hé théng ra quyét dinh
diéu khién thong minh. Chen Dan [10] dé xuét rang, dua trén cic cong nghé xay
dung cua cac dudng ham khién chan duong st hién c6, viéc thyc hién tin hoc
hoa, tur dong hoa va quan 1y thong minh toan vong doi ciia duong ham 13 mot xu
hudng phat trién trong twrong lai. S tién bd ciia xay dung thong minh cho duong
ham khién chin dya trén su phat trién cia cac cong nghé méi ndi nhu truc quan



hoa thong tin khong gian-thdi gian bon chiéu, GIS dam may, nhan thirc va khai
thac dir li¢u 16n thong minh, nhén dang hinh anh tich hop tri tu€ nhan tao va cong
nghé thuc té ao tich hop Internet. Nghién ciru hién c6 vé hé thdng xay dung thong
minh chu yéu tap trung vao viéc phat trién khung cong nghé xay dung thong
minh. Liu Wenfeng [11] da nghién ctru khung cong nghé chinh cua xay dung
thong minh, bao gdm md phong k¥ thuat s6 va twong tac mo phong. You Zhijia
et al. [12] d3 gi6i thiéu mot khung téng quat cho hé thong x4y dung thong minh,
bao gdm kién tric chic ning va kién trac k¥ thuat. Kién trac k¥ thuat duoc xay
dung trén cac cong nghé nhu Internet van vat (IoT), di¢n toan ddm may, M6 hinh
thong tin xay dung (BIM), dir liéu 16n va kién tric hudng dich vu (SOA), tao
thanh mot hé thong vét Iy-mang tich hop cao. Tuy nhién, mot hé théng xay dung
thong minh toan dién khong chi nén bao gom mdt hé thong k¥ thuat ma con tich
hop cac thiét bi R&D cu thé v6i cong nghé song sinh k¥ thuét sb va diéu khién tir
xa, xem xét tong thé va két hop dy du chung vao qua trinh phat trién hé thong
xdy dung thong minh. Vi du, Zhang Hong et al. [13] d& xuit mot hé théng cong
nghé xay dyng thong minh thich Gmg toan dién cho cau, bao gdm thiét ké thong
minh, xay dung va thiét bi thong minh, két ciu tién ché, vat liéu hiéu suit cao va
bao tri thong minh.

V1 sy phat trién cua tri tué nhan tao, cong nghé thi gidc may tinh va cac
thuat toan hoc sau da dugc img dung rdng rai trong linh vuc k¥ thuat xay dung.
Trong linh vuc bé tong, viéc ing dung cac thuat toan hoc sau chu yéu thé hién &
céc khia canh nhu chét luong bé ngoai, do bén, cAu tric vi mé va hanh vi co hoc
vi md [14]. Wang et al. [15], nhim giai quyét su thiéu sot trong viéc nhan dang
kém do nhiéu loai thong tin nhiéu gy ra trong hinh anh vét nirt bé tong trong moi
truong phuc tap, da dé xuit mot thuit toan nhén dang vét nut Single Shot
MultiBox Detector (SSD) duoc cai tién dua trén cac hop giéi han trude do, dat
duoc két qua tot hon so v6i thuat toan SSD ban dau. Vé do bén bé tong, Shin et
al. [16] da dua ra mot mo hinh danh gia cuong do nén bé tong dua trén thi giac
k¥ thuat sb sir dung mang no-ron tich chap siu. Niaki et al. [17] d3 du doan cudng
do kéo cua vat liéu composite bé tong polymer dua trén mang no-ron sau.

2. Tinh trang nghién ciru vé viéc @ng dung k¥ thuit théng minh trong thi
cong cac cong trinh ngim, dwong ham bang phuwong phap thi cong 19 thién.

Phuong phap thi cong 16 thién 1 mot k¥ thuat xay dung cong trinh ngam,
trong d6, khoang khong gian trong dat duoc dao trudc, tiép do, két cau chéng cua
cong trinh dugc xay dung ngoai troi, va sau do 1a cong tac 1ap dat hoan tra lai mat
bang. So véi cac phuong phap xiy dung cong trinh ngam khac, thi cong cong
trinh ngdm bang phuong phap 16 thién doi hoi b tri mit bang tam thdi rong hon
do can c6 dién tich 1am viéc 16n hon dé xay dung hd mong. Hon nita, ddi véi cac



dur 4n hd moéng sau, phai xem xét tic dong clia nude ngam, va cac bién phap nhu
bom hut nude va man chian nude thuong duge ap dung. Tat ca nhimng yéu td nay
han ché viéc ing dung quy mé 16n cua phuwong phap nay trong cac dy an xay
dung cong trinh ngdm bang phuong phap 16 thién. Hién nay, cac nghién ciru c6
hé théng vé xay dung thong minh cc cong trinh ngdm, dudng him bang phuong
phap 16 thién van con twong ddi han ché. Bao Shipeng va cong sy [19] da dé xuit
mot bd phuong phap md hinh héa tham sb cho cac dudong ham 16 thién va phat
trién mot chuong trinh mé hinh hoa twong tmg dua trén phan mém Revit, st dung
Dy 4n Puong gip Yuzhu ctiia Tuyén tau dién ngdm Quang Chau s6 13 lam truong
hop nghién ctru. Haoran Tian [1] dd dé xuit mdt phuwong phap tich hop két hop
mo phong dong hoc 3D va phan tich an toan két cau. Lay dy an cong ham dudng
sat 1am trudng hop nghién ctru, nghién cru ciia 6ng bao gom viée tién hanh khao
sat thuc dia, do anh xién bang may bay khong ngudi 1ai (UAV) va cac thir nghiém
trong phong thi nghiém-thyc dia dé thu duoc dir liéu phan b da roi va dir liéu dia
chét. Ong d4 thiét 1ap mot mo hinh dya trén thuc té 3D dé mo ta cac dic diém cua
khéi d4, thuc hién mo phong dong hoc 3D trén cac vu sat 10 da tiéu biéu bang
phan mém Rockfall Hunter dé phén tich quy dao sau khi xay ra su ¢ va ning
luong tac dong 1én duong ham 16 thién, va danh gia do an toan két cau cua duong
ham 16 thién théng qua phan tich phan tir hitu han. Ha Jianbo va cong su [1] tap
trung vao viéc xdy dung chong thim dudong ham. Ho luu y rang cac dudng haim
cht yéu 4p dung phuong phap trai vai dia k¥ thuat va tam chéng tham, trong d6
viéc trai vai dia k¥ thuat hién dang dwa vao cac bang ghé don gian va cong viéc
thii cong—gAy ra nguy hiém vé an toan va han ché chat lwong va hiéu qua. Ho da
phan tich cau trac dudng him trong nudc va cac phuong phap chong tham, thiét
ké hé théng phan ctng ctia hé thong diéu khién chuyén dong xe day dua trén xe
day trai vai dia k¥ thuat duong ham (bao gdm bo diéu khién, HMI, bo truyén dong
va thiét bi cam bién), va xac minh tinh day du va do tin cay ctia hé thong thong
qua céc thi nghiém va g& 161 voi hé théng phan mém. Jeong-ryol Shin va cong sur
[1] dang nghién ctru phat trién phuong phap xay dung duong haim mo theo mo-
dun, c6 thé duoc st dung dé xay dung tau dién ngﬁm v6i chi phi thép va thot gian
xay dung ngin. Phuong phap xay dung nay sir dung tudng bé tong dic sin dé
xdy dung duong ham: cac tudng bé tong dic sin dong vai trd 1 cdu tric gilr dat
tam thoi trong qua trinh xay dung va tré thanh twong vinh vién cua dudng ham
hop sau khi duong hadm hoan thanh.

3. Ky thuat thong minh dwoc sit dung cho phwong phap 1§ thién trong thi
cdng cac cong trinh ngim.

3.1. Xay dung hé thong M6-dun théng minh quan 1y cho thi cong 19 thién



Bang cach tich hop xdy dung co s dit liéu da ngudn khong dong nhat, M6
hinh Théng tin Xay dung (BIM), quét laser ba chiéu va cac cong nghé thong tin
tién tién khac, viéc phat trién va mg dung thiét bi thong minh dang dugc thic
day dé tng dung trong phuong phap thi cong 16 thién khi sir dung cho cac cong
trinh ngam.

Bang cach tdn dung mé hinh k¥ thuét sé cia mé hinh diéu khién toan quy
trinh cho viéc thi céng cac cong trinh ngdm bang phuong phap 16 thién, ki thuat
nay dugc ung dung véi muc dich dat dugc quy trinh quan 1y xay dung da tham
s6 va da mo-dun tinh chinh trong ké hoac xay dung 4o ba chiéu. Dé phan loai mot
cach c6 hé thdng cac hoat dong chdng chéo va giao thoa trong toan bd quy trinh
thi cong cong trinh cong trinh ngdm bang phuong phap 16 thién va xay dung mé
hinh BIM 3D cho tirng quy trinh, cac budc cia BIM duogc chia thanh mo hinh
bbn chiéu, mo hinh tham s va mé hinh k¥ thuat s6. Pau tién, quy trinh xay dung
cac cong trinh ngam 19 thién duoc phéan loai va viéc ra quyét dinh thong minh
duoc sir dung dé sé hoa chudi quy trinh. Thir hai, mot hé théng giam sat chat
luong va canh bao sém dugc trién khai, cho phép két hop dir liéu da ngudn dong
v6i m6 hinh BIM dé anh xa cac canh dong 1én mé hinh. Cudi ciing, mdt nén ting
truyc quan héa dugce xay dung dé hd trg diéu khién tir xa.

Khai niém mé dun hoa dugc dé xuét trong hé thong xay dung thong minh
cho cac cong trinh ngam 16 thién, dua trén toan bd quy trinh 14p trinh thi cong.
Mo dun héa dé cip dén qua trinh giai quyét cac van dé phirc tap bang cach chia
mot hé théng thanh nhiéu mé dun tir trén xudng dudi, trong d6 mdi méd dun thyc
hién mét chirc ning phu cu thé hoic tao thanh mét ciu trac don 1é phu hop cho
cac tiéu du 4n. Sau do, tit ca cac md dun duoc lap rap theo mot cach nhét dinh dé
tao thanh mot hé thong hoan chinh tao thanh mét téng thé tich hop, nhd d6 dap
ung cac chic nang can thiét cho toan bd hé théng. Qua trinh thyc hién moé dun
hoa duoc goi 1a xay dung mo dun [1].

3.2. Céng nghé xdy dung théng minh ciia phwong phdp thi céng cong trinh ngam
[0 thién

Cong nghé xay dung thong minh ciu thanh cdt 161 cua toan bo hé thong
xdy dung thong minh. Bang cach tin dung cac cong nghé thong tin hién dai dé
dat duoc cac muc tiéu thong minh va hd trg xdy dung du an, d6i médi cac phuong
phap xay dung dua trén kinh nghiém trudc day: mdi budc xay dung duoc dinh
luong, két qua thu dugc chinh xac hon, dam bao tinh déng nhat nghiém ngit ca
tat ca cac thanh phan va kiém soat chat luong dang tin cdy. Quan 1y chat luong
xay dung duong ham truyén théng van dua vao hé théng Lap ké hoach-Thuc
hién-Kiém tra-Hanh dong (PDCA) thong thuong [1, 6], phu thudc rat nhiéu vao
kha ning quan 1y va tinh than trach nhiém cta nhéan vién quan 1y chat luong toan
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thoi gian tai cong trudng, cling nhu k¥ ning xay dung ctia nguoi van hanh. Kiém
so4t chit luong duoc thuc hién thong qua tu kiém tra, kiém tra 13n nhau, kiém tra
chéo, va tham chi lién quan dén su giam sat ctia bén thi ba thong qua hop dong
song song.

Phu hop véi khéi niém ctia bon mo-dun nay déi v6i dudng ham 16 thién,
bon cong nghé duoc dé xuat: cong nghé phat hién bé mat day chéng thim, cong
nghé chuyén d6i hé thong cbt

3.3. Mé hinh do phan chiéu kj thudt so ciia céng trinh ngam thi céng bang
phwong phap 1 thién

Nghién ctru vé mé hinh diéu khién toan quy trinh cia cong trinh ngam thi
cong bang phuong phap 16 thién dua trén mé hinh 4o phan chiéu k¥ thuat s6 nham
muc dich hién thuc héa quan 1y xay dung da tham sb va da mo-dun tinh chinh
trong kich ban xay dung a0 3D. N6 phan loai cac hoat dong chong chéo va giao
nhau trong sudt toan b qua trinh xay dung dudng ham 16 thién va xay dung mo
hinh BIM 3D cho mdi quy trinh. Dya trén md hinh BIM cho toan bd qu4 trinh
xay dung, mot Giao dién hién thi twong tac duoc phat trién dé hién thi trang thai
xay dung mo phong ao theo thoi gian thuc sau khi nguoi dung thao tac. N6 giam
sat toan dién va canh bao vé trang thai hoat dong ctia cac nhom thiét bi, tién do
xay dung va dir liéu giam sat ctia cac chi sd kiém soat chat lugng quy trinh trong
qua trinh xay dung dudng ham, cho phép diéu khién dong cac hoat dong thiét bi
tai chd chi thong qua may khach tir xa, do d6 dat dugc kha ning quan 1y tinh vi
viéc di chuyén, dong mé thiét bi va chuyén d6i hé théng trong qua trinh xay dung.
Viéc g dung cong nghé ao phan chiéu k¥ thuat s6 trong cong trinh ngam dugc
thi cong bang phuong phép 16 thién tap trung vao “twong tac ao-thuc va dua trén
dir liéu”, voi khung k¥ thuat thuong bao gdm bdn cap do: 16p vt 1y, 16p truyén
dan, 16p md hinh va 16p tmg dung. Lop vat 1y thu thap dit lidu thoi gian thuc nhu
bién dang két cau dudong ham, ing suat dat va trang thai nudc ngdm thong qua
cac cam bién; 16p truyén dan dua trén cong nghé truyén thong 5G, Long Range
Radio (LoRa) hoic Beidou dé dat dugc truyén dir liéu do tré thap, dic biét chu
trong dén viéc t6i wu hoa ving phi séng tin hiéu trong cac hd méng sau hodc moi
truong ngam kin; 16p moé hinh xay dung mé hinh song sinh 3D d9 chinh xé4c cao
dua trén mo hinh tich hop BIM + GIS (Hé théng Thong tin Pia 1y), két hop dit
liéu khao sat dia chat va cac thong sb xay dung, déng thoi tich hop md-dun phan
tich phan tir hiru han (FEA) dé dy doan phan tGng két ciu. Lép tmg dung thuc
hién cac chirc ning nhu mo phong tién do thi cong, canh bao sém rui ro va phét
1énh tir xa théng qua giao dién truc quan, trong khi cong nghé diéu khién tir xa
tap trung vao viéc nang cip thong minh thiét bi xay dung.



Pé t6i uu hoa logic quy trinh ctia cac hoat dong xay dung chinh, nghién
clru nay giai quyét cac diém nghén trong viéc phdi hop da quy trinh. Mot co s
dir liéu tham s quy trinh dua trén BIM duoc thiét 1ap dé sd hoa cac yéu td xay
dung, trong khi mgt cong cu logic quy trinh cho phép mé phdng dong cac trinh
t xdy dung va dién tip ao cac xung dot tiém tang. Mot vong lap kin ra quyét
dinh thong minh—bao goém tdi uu hoa tham s quy trinh, ma hoa hanh dong thiét
bi va phan hoi thuce thi tai chd—duoc trién khai, tao thanh mét chudi quy trinh s6
hoa hoan toan cho viéc xay dung dudong ham. Bang cach tich hop cac cum k¥
thuat mo-dun véi mot nén tang k¥ thuat s, phuong phap nay ting cudng mot
cach c6 hé thong tinh tiéu chuan héa va tinh thong minh cta viéc xay dung céc
cong trinh ngam bang phuong phap 16 thién. Cac ky thuat xdy dung thong minh
gitip rat ngan dang ké chu ky xay dung va giam chi phi nhin cong théng qua viéc
tur dong hoa di chuyén van khuon, giam sat ky thuat sé va van hanh thiét bi phoi
hop. Vi du, viéc st dung hé thong van khudn thong minh gitp giam thiéu viéc
diéu chinh thu cong va lao dong lap di lip lai, cho phép van hanh lién tuc va giam
20% thoi gian xay dung. Mic du chi phi dau tu ban dau cao hon, tong chi phi du
an co thé giam khoang 10-20%.

4. Két luan.

Nghién ctru nay di trinh bay ngan gon vé viéc tmg dung k¥ thuat thong
minh trong xay dung cic coéng trinh ngdm bang phuwong phap 16 thién. Dya trén
quy trinh xay dung, phan tach toan by quy trinh xay dung thanh cdc mo-dun tur
trén xudng dudi. Bat dau tir viée phan tich cac dic diém k¥ thuat, diéu kién moi
truong va kho khin trong x4y dung riéng cua tirng mo-dun, né tich hop cac thiét
bi va cong nghé thong minh chuyén biét cho tirng mo-dun dé hinh thanh hé théng
xdy dung mo-dun théng minh cho cic dudng ham 16 thién. Tt ca cac mo-dun
dugc tich hop tir dudi 1én trén dé tao thanh mot hé thong xay dung thong minh
hoan chinh. Khong giéng nhu hau hét cac hé thdng xay dung théng minh hién c6
chi bao gom cac hé théng ki thuat, hé théng duoc dé xuat bao gdm cac cong nghé
xay dung thong minh, thiét bi thong minh, két ndi dit lidu va cong tac tir xa giita
cac md-dun théng qua nén tang ban sao ky thuét sb, cling nhu sy tich hop siu
rong cua chudi cong nghé, chudi thiét bi va chudi k¥ thuat sd. N6 hinh thanh mot
chudi cong nghiép xay dung khép kin bao gdm “ra quyét dinh théng minh - xay
dung tu dong - diéu chinh thoi gian thuc” va tich hop cac hé théng don vi xay
dung thong minh riéng 1é vao mot hé thong van hanh ddy chuyén lap rap dua trén
nha may. Cong nghé xay dung thong minh giam thiéu sy tiép xic ciia ngudi lao
dong v6i moi trudng nguy hiém thong qua diéu khién tir xa va thiét bi tr dong.
Hé théng giam sat thoi gian thuc cung cap dit liéu vé d6 6n dinh két cau, cho phép
phat hién kip thoi cac rii ro tiém an. So vdi cac phwong phap truyén théng, ty 18
tai nan lao dong giam dang ké. Cac k¥ thuat thong minh cho phép giam sat lién
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tuc va phan tich du doan, xac dinh cac bat thuong nhu lin dat, tinh trang dong
cung bé tong va tinh toan ven két cau.

Maic du mang lai hi€u qua vuot troi, viéc ap dung ky thuat thong minh vao
phuong phéap thi cong cong trinh ngam 16 thién van gip mot s6 kho khin sau day:

- Chi phi dau tu ban dau cao: Hé thong cam bién IoT chét luong cao va
phan mém ban quyén yéu cau ngan sach 16n.

- D(‘)i hoi bo dit lidu vé dia k¥ thuat phéi cé dd 16m va do chinh xac dép ung
duoc yéu cau. Tinh chat bat ddng nhét cua dat nén (dic biét 1a ving dat yéu nhu’

Ha No1 hay TP.HCM) doi hoi cac mo6 hinh Al phal dugc "huan luyén" véi ngudn
dir liéu rat 16n va dic thu méi dat do chinh xac can thiét.

- Trong qua trinh thyc hién, cac yéu cau vé bao mat va chuin hoa dit liéu
gitra cac don vi thuc hién cling c6 thé gay ra khé khan. Hién tai, chung ta dang
thiéu quy chuin chung vé tich hgp dir lidu gilta cac nha thau, don vi thiét ké va
quan 1y.

Tai liéu tham khao
1. Yifei Ji, Zhongsheng Tan, Li Liao 2, Dehua Zhang and Zhenliang Zhou.
Overview of Intelligent Technology Applications in Open-Cut Tunnel

Construction. Buildings 2025, 15, 3704.
https://doi.org/10.3390/buildings15203704.

2. Wang, M. The 21st Century: A Golden Age of Tunnel and Underground Space
Development. Tunn. Constr. 2000, 7—10.

3. Editorial Department of China Journal of Highway and Transport. Review on
China’s Tunnel Engineering Research: 2015. China J. Highw. Transp. 2015, 28,
1-65. [CrossRef]

4. Tian, S.; Gong, J. Statistics of railway tunnels in China as of end 0f 2019. Tunn.
Constr. 2020, 40, 292.

5. Wang, X.; Zhao, Y. Comment on construetion of railway tunnels in China by
statistical data. Mod. Tunn. Technol. 2006, 7-17+22. [CrossRef]

6.Li, L.; Zou, H.; Liu, H.-L.; Tu, W.; Chen, Y. Research Status and Development
Trends in IntelligentConstruction of Drill-and-blast Tunnels. China J. Highw.
Transp. 2024, 37, 1-21. [CrossRef]



7. Chen, X.; Yu, Y.; Bao, X.; Cui, H.; Xia, C.; Zhou, H.; Zhu, M. Intelligent
Construction of Shield Tunnels Based on Resilience Theory.Mod. Tunn.
Technol. 2022, 59, 14-28.

8. Zhang, L. Overview of Subway Tunnel Construction Techniques and Methods.
China Sci. Technol. Inf. 2020, 37-39. (In Chinese)

9. Yin, J; Yi, Y.; Du, Y.; Wang, W.; Luo, G. Hotspot Identification and
Development Trend Analysis of Tunnel Intelligent Construction Technology
Based on Patent Data. Mod. Tunn. Technol. 2025, 62, 27-38.

10.Liu, F. Prospects for Intelligent Construction Equipment Technology
Innovationand Collaborative Construction Management of Railway Tunnel.
Tunn. Constr. 2019, 39, 545-555. (In Chinese).

11. Liu, W. KeyTechnology System of Intelligent Construction. Constr. Sci.
Technol. 2020, 72—77. (In Chinese) [CrossRef]

12. You, Z.; Zheng, L.; Feng, L. Basic Theory and Architecture of Intelligent
Construction System. J. Civ. Eng. Manag. 2021, 38, 105-111+118. [CrossRef]

13. Zhang, H.; Zhang, Y.; Wang, M.; Zheng, H.; Ji, F. Research and Application
of an Intelligent, Adaptive Full-Process Bridge Construction System. Highway
2021, 66, 124—136.

14. Rong, X.; Xie, A.; Zhao, P.; Chen, W.; Wang, B. Design of Intelligent Curing
System for Concrete Beams Based on Machine Vision. China J. Highw. Transp.
2025, 1-11. Available online:
https://link.cnki.net/urlid/61.1313.U.20250725.1107.004  (accessed on 11
October 2025).

15. Wang,Y.; He, J.; Zhang, M.; Dai, W.; Xu, H. Concrete crack identification in
complex environments based on SSD and pruning neural network. J. Southeast
Univ. (Engl. Ed.) 2023, 39, 393-399.

16. Shin, H.K.; Ahn, Y.H.; Lee, S.H.; Kim, H.Y. Digital vision based concrete
compressive strength evaluating model using deep convolutional neural network.
Cmc-Comput. Mater. Contin. 2019, 61, 911-928.

17. Niaki, M.H.; Ahangari, M.G.; Pashaian, M. A material-independent deep
learning model to predict the tensile strength of polymer concrete. Compos.
Commun. 2022, 36, 101400. [CrossRef]

18. Mouratidis, A. The “cut-and-cover” and “cover-and-cut” techniques in
highway engineering. Electron. J. Geotech. Eng. 2008, 13, 1-15.

10



19. Bao, S.; Xie, T.; Li, Y.; Wu, M. Research on the Application of Parametric
Modeling of Open-Cut TunnelsResearch on the Application of Parametric
Modeling of Open-Cut TunnelsBased on BIMBased on BI. J. Inf. Technol. Civ.
Eng. Archit. 2025, 17, 80—85. (In Chinese) [CrossRef]

11



