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Tém tét: Buong sat cao tée doi héi do chinh xéc
rat cao va yéu cau tinh 6n dinh lau dai. Chinh vi vay
céng téc tréc dia phai duoc thuc hién theo mét quy
trinh nghiém ngét, chinh xac twr giai doan khao sat,
thi céng dén giai doan van hanh st dung. Trong do,
thi céng, quan trc dudong hdm va dwong sét cao téc
di qua dwrong hdm c6 mirc do khé khdn hon nhiéu so
véi thi céng va quan trac trén nén dat binh thuong.
Trung Quéc la dat nuéc cé co sé ha tang vé duong
s&t cao tbc I6n nhét thé gi6i nén bai bao nay duwa trén
quy dinh quy pham ctda Trung Quéc dé giéi thiéu mét
sé gidi phép trac dia trong thi cong va quan tréc
duong sét cao téc khi phai dao hdm xuyén nui ddm
bdo an toan khi chay tau.

T khéa: Puong sét cao téc, thi cong duong hdm,
quan tréc dwong hédm, thi cong dwong ray, quan tric
duong ray.

Abstract: High-speed railways require extremely
high geodetic precision and long-term operational
stability. Therefore, surveying and monitoring
activities must follow strict and accurate procedures
throughout all stages, from initial investigation and
construction to long-term operation. In particular,
tunnel construction and monitoring for high-speed
railvay systems present significantly —greater
challenges than those on normal ground conditions
due to complex terrain and constrained working
environments. China, currently the country with the
most extensive high-speed railway infrastructure in
the world, has developed comprehensive technical
standards and practices in this field. This paper
introduces several geodetic solutions, based on
Chinese specifications, that have been effectively
applied in the construction and monitoring of high-
speed railways through mountainous tunnels to
ensure precision and operational safety.

Keywords: High-speed railway, tunnel
construction, tunnel monitoring, track construction,
track monitoring.
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1. Dat van dé

Puong sat cao téc (High-Speed Rail - HSR)
duwoc dinh nghia la hé théng dwéng sét cé tée do thiét
ké tr 200 km/h tré [&n dbi v&i cac tuyén cai tao, va
tr 250 km/h tré 1&n dbi v cac tuyén mai xay dyng.
HSR c6 vai trd quan trong trong sw phat trién kinh t&,
xa hoi mot quéc gia. N6 khong chi tang cwdng két néi
giao théng, rat ngén thoi gian di lai gitra cac thanh
phd 16n va cac khu kinh té trong diém ma con gidm
ap lwc 1&én cac ha tang giao théng khac nhw duéng
bd, dwerng hang khong. Ngoai ra né con thuc day sy
phat trién d6 thi & cac khu vuc lan can, téng cwong
hiéu qua kinh t& nén c6 tac dong I&én dén sy phat trién
clia xa hoi.

Trén thé gii, HSR da dwoc phat trién cho dén
nay tai hon 20 quédc gia trén thé gi¢i. Pwoc khai thac
dau tién tai Nhat Ban tir thap ky 60 cda thé ky truéc
v&i hé théng HSR Shinkansen nbi Tokyo va Osaka
véi tbc d6 210km/h, dén nay dat 320km/h [1]. Sau dd,
hé thédng HSR dwoc mé réng & chau Au véi cac hé
thédng TGV (Train a Grande Vitesse) clia Phap nam
1981, tiép dén la Dc (Inter City Express-ICE), Tay
Ban Nha (Alta Velocidad en Espafia - AVE) va Y
(Frecciarossa). Hé théng HSR nay ciing c6 tbc do
260 km/h, sau d6 nang Ién 320 km/h[2].

O Viét Nam hién chwa c6 HSR ma dang trong
giai doan nghién ctu, 1ap ké hoach. Nha nuéc da co
dy an xay dwng HSR tir nam 2010 do chi phi qua cao
nén khong dwoc phé duyét[5]. D&n nam 2021, Chinh
phl da théng qua "Chién lwgc phat trién giao théng
van tai dwdng sat Viét Nam dén nam 2030, tAm nhin
2050", trong d6 wu tién hién dai hoa va tirng buwéc
xay dwng dwérng st te dd cao [6]. Mac du vay, nwéc
ta van la nwéc dang phat trién, véi GDP khoang 433
ty USD [7,8] thi viéc xay dwng HSR vé&i chiéu dai hon
1500km v&i sb vén wéc tinh khodng 67 ty USD la cwc
ky kho khan. Hon nira, chung ta chwa cé kinh nghiém,
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thiéu vé cong nghé [9]; réi con van dé giai phong mét
bang... Dac biét khé khan ctia nwéc ta la dia hinh bé
ngang hep, khu virc mién Trung cé nhiéu déi ndi nén
tiém an rat nhiéu rui ro nhw van dé sat I, Id lut, bao
lbc... Ngoai ra, dé xay dwng dwoc HSR can c6 sw két
hop cua rat nhiéu nganh nghé chuyén sau, trong dé
cong tac trac dia gitr vai tro hét strc quan trong va
khong thé thiéu tiv giai doan 1ap ké hoach, thi cong,
dén van hanh va bao tri. Do HSR phai dwoc xay dwng
v&i dd dbc nhd va ban kinh cong nén véi 10% duéng
ham trén toan tuyén Bac Nam cla Viét Nam, khodng
150km, 1a mot khéi lwong xay dwng rat I6n[13,14].
Vi thé, viéc rng dung cong nghé tréc dia hién dai voi
céc gidi phap hivu ich s& quyét dinh t&i sy thanh cong
cla dw an. Bai bao tap trung thdo luan van dé nay.

2. Yéu cau do chinh xac thi céng, quan trac
dworng ham va dwong ray tau cao téc

2.1 Yéu cau d6 chinh xdc thi cong dwong hdm

D6 chinh xac cla cdng téc tréc dia trong thi céng
HSR qua dwdng hadm la yéu té cwe ky quan trong dé
dam bao an toan, 6n dinh va hiéu qua van hanh cla
hé théng, dac biét véi cac tiéu chudn khat khe cla
dudng sat cao tdc co tbc d6 tr 250-350 km/h. Do
chang ta chwa cé quy dinh quy pham trong xay dwng
duéng hAm cho HSR nén & day tham khdo mot sb
tiéu chuan cla Trung Quéc, nwéc cé hé théng HSR
dai nhét cung véi tbe dd tau chay thwc té nhanh nhét
thé gisi. Tieu chuén sai s6 dao ham dwoc quy dinh
nhw bang 1.

Bang 1. Sai sé cho phép vi tri truc hdm véi hdm dai hon 10km [15,17]

Phuwong ngang va doc

Sai s6 dao théng hdm phai dwéi 250 mm.

Cao do

Sai sb d6 cao dao thong hadm dwéi 70 mm.

Do HSR qua ham phai thdng dé gidm rung l&c va
ap suét khi dong hoc khi tau chay téc dd cao nén tiéu
chuén nay rat khét khe nhw trinh bay bang 1. Sai s
I&n hon mirc nay c6 thé gay nguy hiém hoéc lam thay
ddi dang hinh hoc cia duéng ham. Dé cé thé dat
dwoc dd chinh xac nhw trén can phai tich hop nhiéu
cbng nghé hién dai nhw cong nghé dinh vi vé tinh,

may toan dac dién tt chinh xac cao két hop cdm bién
quan tinh (INS), may quét laser 3D, cong nghé TBM
(Tunnel Boring Machine)...
2.2 Yéu cau dé chinh xac thi cong dwong ray
trong ham

Puwong ray cla HSR trong hdm phai dat do chinh
xac cao dé dam bao an toan cho tau nhu trong bang 2.

Bang 2. Yéu céu dé chinh xéc thi céng dwong ray trong hdm [15,17]

Léch hwéng ngang

Sai s6: <2 mm (1435 mm 14 khd tiéu chuan).

Léch cao do

Sai s6: <2 mm trén doan thang, <3 mm trén doan cong.

2.3 Yéu céu dé chinh xéc quan trac lun va chuyén
dich ham

Trong qua trinh thi céng va van hanh, sk
dung va bdo tri dwdng ham can quan trac

chuyén dich cGia vé hdm va nén ham. Déi voi
nén ham va vom ham 13 thwc hién quan tréc do
lan, vd ham thi quan trédc chuyén dich ngang,
bang 3.

Bang 3. Yéu cdu d6 chinh xéc quan trac chuyén dich hdm [16,17]

Do 1an vom ham

- Do chinh xac do: +1 mm.

D6 1Un nén hdm

- Do chinh xac do: +1 mm.

Chuyén dich ngang va doc

- B chinh xac do go6c:1”; canh: 1-2 mm.

Tan suét do

- Trong giai doan thi céng: Hang ngay hodc hang tuan.
- Sau thi cong: Hang thang trong 6-12 thang dau.

2.4 Yéu cau dé chinh xdc quan trdc bién dang
dwong ray

Quan tréc bién dang dwong ray HSR 1a cuc ky
quan trong dé& dam bao an toan, én dinh va hiéu
qud van hanh clGa hé théng, ddc biét khi tau di
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chuyén véi téc dd cao (250-350 km/h). Bién dang
dwong ray (do lan, nhiét d9, tai trong dong yéu td
dia chét...) cAn dwoc giam sat chat ché dé tranh
rung lac, léch truc hodc tai nan nhw quy dinh &
bang 4.
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Bang 4. Yéu cdu dé chinh xéac quan trac bién dang duong ray [16,17]

Do cao dudng ray

- B0 chinh xac do: £0,5 mm.

Chuyén vj ngang va doc

- B0 chinh xac do: £1,0 mm.

Thiét bj d :
et brdo bét budc

- St dung thly chuén, toan dac dién t&r d6 chinh xac cao, cé dinh tam

3. Giai phap thi cong dao ham
3.1 Thanh Iap hé théng Iwéi khéng ché trac dia thi
céng ham

Lwdi khéng ché thi cong dwdng hdm cé vai tro
hét strc quan trong trong viéc dadm bao d6 chinh xac
dinh vi, dinh hwéng dwérng hdm va khéng ché sai s
trong qua trinh xay dwng ham, dac biét véi dworng sét
cao téc qua ham. Trong d6, dinh hwéng dwérng ham
c6 vai trd quan trong nhéat trong qua trinh thi cong.
Néu cong tac nay lam khong tét sé dan téi hau qua
v cung nghiém trong. Céng tac dinh hwéng ham
phai dwa vao co sé trac dia thi cong hAm bao gém:
lwdi khéng ché mat dat, lwdi khdng ché trong ham va
cong tac chuyén toa dod va do cao xubng ham. Dé
dam bao cho céng tac théng ham dat hiéu qua cao
nhat va nam trong gi¢i han cho phép thi can giai
quyét dwoc van dé& nang cao do chinh xac ctia co s&
tréc dia trong thi cong ham. D&c diém cla lwdi khdng
ché thi cong dwdng ham cho HSR 14 c6 yéu cau do
chinh xac cao, diéu kién méi truéng kin, khéng c6 tin
hiéu GNSS nhuw lwdi khéng ché co s& ngoai ham. Khi
xay dwng hdm can khéng ché sai sb tich luy theo
chiéu dai hAm dé khong bi vwot qua gidi han. Do vay
can do 13p di I&p lai va diéu chinh lién tuc. Hon nira,
lwdi con phai thich hgp véi phwong phap s dung
dao ham 1a dao dbi huwéng hay dung cdng nghé TBM

(Tunnel Boring Machine). Ngoai ra, lw6i khdng ché
nay con dwoc st dung dé quan tréc bién dang dwong
ham.

3.2 Pao ham theo phwong phédp dao déi huwéng

Dao ham theo phwong phap truyén théng goi la
dao ham déi huéng, tire 1a dao nguwoc chidu nhau,
ham dwoc théng & gitra doan ham can dao. Phuong
phap dao nay hién nay chi ap dung cho cac dwong
ham ngén, hon 10km dé lai, pht hop véi nhirtng noi
c6 diéu kién dia chat phirc tap. Ham Hai Van, hdm
DPéo Ca cta Viét Nam 1a vi du dién hinh. Khi thi cong
dwdng hdm theo phwong phap nay ngudi ta thwong
st dung cong nghé NATM (New Austrian Tunnelling
Method)

3.2.1 Thanh lap Iwéi khéng ché trén tréc dia trén dat

Lwéi khdng ché trac dia trén mat dat 1a co s& cho
toan bd hé thdng lwéi thi cdng dao hdm, bao gém ca
khéng ché mét bang va khéng ché do cao. Hé théng
lwéi nay phai bao trum toan bo dwong ham va dwoc
xay dwng c6 da d6 chinh xac dé khi phat trién lwéi thi
cong chi dao dao ham khong vwot qué gidi han cho
phép. Lwdi khdng ché trén mat dat cé thé dwoc do
bang may toan dac dién t& hodc s dung cong nghé
GNSS. Hinh 1, 2 14 vi du cta lwéi khdng ché trén mat
dét trong thi cong dwdng ham.

A =

—=Han{HarVan

Hinh 2. Lw6i trén mét dét do bang céng nghé GNSS
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3.2.2 Po lién hé lwéi méat dat xubng hdm

Khi dwérng ham dai, dé tiét kiém thoi gian thi cong,
cai thién diéu kién thong gié trong ham khi thi cong
ciing nhw khi dwéng ham hoan thién va dwa vao s
dung. Nguoi ta thwong chia dwéng ham ra thanh
nhiéu doan dé thi cong dao déi hwéng bang cac
dwdng ham phu bang, hAm phu nghiéng hodc giéng
dirng, giéng nghiéng (goi chung la 16i dao phu). Lui
thi cong dworc thanh lap tir cac diém gbc 1a diém lusi
co s& trén mé&t dat dwoc chuyén toa do, dd cao xudng
ham qua cac 16i dao phu nay. Hinh 3 mé ta duong
ham dworc chia ra thanh nhiéu doan khac nhau.

Hinh 3. Buong hdm chia thanh nhiéu doan va céc 16i dao
phu

Viéc chuyén toa do, dd cao t mat dat xuéng ham
c6 nhiéu phwong phap nhwng phai tuan thd nghiém
cac quy dinh vé sai s6 cho cac phép do nay. Khi
chuyén toa dd, dd cao truc tiép tir lwdi trén mat dat
xudng ham qua ctra hAm chinh thi khéng c6 sai s6
do lién hé; con khi chuyén toa do, dd cao qua cac lbi
dao phu thi sé& c6 sai sb tich Iiy cho lwéi thi cong
trong ham. Hinh 4, 5 md t& cach chuyén toa do, do
cao qua giéng ding dé lam diém gbc cho dwdng
chuyén va lwdi thiy chuan trong ham.

=T - 7 \_,,),Q "",f;;;:"'

= &

b’

Hinh 4. Chuyén toa do, phuong vi xuéng ham theo
phuwong phap tam giac lién hé
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Hinh 5. Chuyén dé cao tir mat dat xuéng hdm qua giéng
ding

Ngoai ra, phwong vi dwéng chuyén trong hadm
con cé thé ding may kinh vi con quay hodc toan dac
c6 gén con quay hdi chuyén do phuwong vi. Viéc nay
lam t&ng dd chinh xac cho dwdng chuyén trong hdm
khi dwdrng chuyén cé nhiéu canh. Hinh 5 1a may kinh
vi con quay va toan dac dién t& c6 gan con quay do
phuong vi.

Hinh 6. Kinh vi con quay va toan dac dién ttr con quay (Ngudn: Internet)
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3.2.3 Thanh Iap Iwéi khdng ché tréc dia trong ham

Dé chi dao thi cdng dwéng hdm, can thanh lap
lwei khdng ché thi cong, cd mat bang va doé cao dwa
vao cac diém dwoc chuyén tr mat dat xudng. O
trong ham, diém méc lwdi cé thé chon duéi dat hoac
loi dung twéng hdm da thi cong d& gén méc (dinh
tam béat budc cho lwéi mat bang). Vi khi thi cong
dwéng ham cac méce nay chiu anh hwdng nhiéu yéu

té gay ra chuyén dich nhw nd min, sw di chuyén cla
cac thiét bj thi céng... do vay can do lai thwong
xuyén dé diéu chinh. Hinh 7, 8 1a cac méc trac dia
trong thi cong dao ham. Hinh 9 1a cac dang lu6i thi
céng trong ham. Hinh 10 la phwong phap nang cao
dd chinh xac géc phwong vi canh cudi duong
chuyén lwéi thi cong ham khi bé sung duwong
chuyén canh dai.

Robotic total
station

N

Hinh 7; 8. M6t s6 dang méc dung trong thi cong duong hdm (Nguén: Internt)

Duremg chuyvén thi cong
7777777 Burdmg chuvén co ban

Lurdri chuvén trong ham tao thanh vong khép

(&)

CH-A Ve

Dueomg chuvén trong ham tao thanhveng khép

I
! l Reflection prism

AQr

7 N\

n.S

Hinh 9. M6t s6 dang dwong chuyén trong hdm

Pudng chuyén thi cong

Puong chuyén canh dai

Puong chuyén chi yéu
e

Hinh 10. Néng cao do chinh xac géc phwong vi léi thi céng khi bé xung durdng chuyén canh dai

3.3 Pao ham theo céng nghé TBM

Cong tac trac dia trong dao hdm bang céng nghé
TBM (Tunnel Boring) déng vai trdo quan trong trong
viéc dadm bao do chinh xac vé vi tri, hwéng di va do

Tap chi KHCN Xay dung - sé 2/2025

4n dinh ctia dwerng hdm trong sudt qua trinh thi cong.
Cong nghé TBM la mét phwong phap tién tién, st
dung may dao co giéi héa dé khoan va l3p rap vd
ham, thwong dwoc ap dung trong cac du an dé thi
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nhw metro hodc cac dwdng hdm dai xuyén nui, dwdi
long sdng, bién...

Ham dwoc dao bang cong nghé TBM thudng la
dao 1 hwéng, tire la dao tir clra ham hodc 16i dao phu
thdng sang ctra hdm kia, clra ham bén kia co thé 1a
cudi ham hay 16i dao phu khac ctia ham. Hé théng
khdng ché tric dia dinh hwéng cho TBM dao ham
chinh xac c6 thé gibng va ciing c6 thé khac so voi
phwong phap dao déi hwéng. Tuy nhién, d& dam bao
dd chinh xac dinh hwéng dwdng ham thi hé thdng
lwéi trac dia nén bao trim toan dwéng ham.

Hé thdng dan hwéng cho TBM dao hdm bt dau
khi 18p dat TBM (TBM c6 thé dai c& doan tau 10 toa
nén dinh hwéng 6n dinh). Thuwéng bao gbm céac
thanh phan chinh sau:

- Cam bién do vj tri: Bao gdm cam bién laser, con
quay hdi chuyén (gyroscope), va may do nghiéng
(inclinometer) dé& xac dinh vi tri, géc nghiéng va
hwéng clia dau cét (cutting head);

HO tro lien ket

Chai thép duoi khien
Kich day

Bong co
dudi khién  HpvO ham thuy I

Nguon dién

- May toan dac dién t& (Total Station): Bwoc l&p
d&t trong hdm dé do lién tuc khodng cach va géc tw
TBM dén cac diém tham chiéu cb dinh (thwong la cac
méc laser hodc diém khéng ché);

- Hé théng dinh vi laser: M6t chum tia laser dwoc
chiéu tir phia sau TBM dén cac tAm phan xa (target)
gan trén may, giup xac dinh vi tri chinh xac ctia dau
cét so v&i tuyén thiét ké;

- Phan mém diéu khién: D& liéu ter cac cadm bién
va thiét bj do dwoc truyén vé trung tam diéu khién,
noi phan mém phan tich va hién thj sai léch gira vi
tri thwc té va thiét k&. Cac phan mém phd bién
thwong dung la TUnIS Navigation (VMT) hoac
Guidance Software clGia Herrenknecht;

- Man hinh hién thi: Trong budng diéu khién ctia
TBM, céc k¥ sw co thé theo dai théng tin tirc thoi vé
huwéng, dd nghiéng, va sai Iéch qua man hinh giao
dién.

Hinh 11 m6 t& so dd may dao ham TBM hién nay,
hinh 12 la d4u céat c6 dwong kinh 13.9m [19].

Cudn cap trong tunnel
Kho chita ong
/théng hoi

Cuon cap

EX;I dong /cao thé om mong hai

e e e Y e -, . oo

S S —— - 40 Bt wa — n—-—n-«.».——-n—--‘a

wndng C&U Ko chia
129 g
un

Hinh 11. So dé may dao ham TBM [19]

3.3.1 Céng téc tréc dja trong thi céng hdm bang TBM

Cong tac trac dia phuc vu thi cdng dao ham béng
TBM gbém cac buéc sau [20]:
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Hinh 12. Péu cat n5y khoan ham TBM (Nguén: Internet)

O i =

a. Thanh 1ap lwéi khéng ché mét bang trén mat dat
béng céng nghé GPS, cac diém khéng ché duoc bd
tri tai cac dworng déc, giéng dirng... (1a diém xuét phat
cta hé théng TBM khi dao ham) nhw hinh 13:

Tap chi KHCN Xay dung - sé 2/2025
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, TR e —
Hinh 13. Diém khg chelmét béng trén mat dat gén cira
ham, giéng dieng [19]
b. Tién hanh chuyén toa dd, do cao tlr cac diém
khéng ché trén mat dat xubng ham qua giéng dirng
va ram déc, hinh 14,

~ AtTunnel s
|1, Underground - =
" T

Hinh 14. Diém méc trac dia duoc chuyén xubng ham
(Ngubn: Internet)

c. Thanh lap lwéi khdng ché trong ham la dang lwdi
dwdng chuyén kép & phia sau hé théng TBM nhw
hinh 15 [18,19].

S ek o ; 4\ 7
Hinh 15. Chuyén toa dé trac dija qua dwong chuyén kép trong ham [18,19]

d. Thwong xuyén phat trién cac tram khdng ché tam
thoi & trén néc hdm sao cho cac tram nay dat & phia

Lo famthirt

sau hé théng TBM luén nhin thay cac muc tiéu lang
kinh gan trén TBM dé dinh huwéng TBM khi khoan ham.

Tram khéing ché Tram khing ché

. o tam thiri

Gid d& thir hai

|

TBM Gl & thir nhit

Hinh 16. Chuyén toa dé, dé cao Ién céc tram khéng ché tam thoi [19]

e. Tram Laser da dwoc gan cac toa do, dod cao tw
tram khéng ché tam thoi dwoc chiéu lén muc tiéu
l&ng kinh gén vao hé thdng TBM dé xac dinh céac toa
dd khong gian (x,y,z) ciia TBM tai diém do. Hé thdng
chi dan khoan dao dwdng ham va cac may do dd
nghiéng truc kép inclinometer ddng thoi xac dinh sy
thay dbi cia dau dao so véi hwdng thiét ké theo 3
truc toa d6. Trén co s& d6 hé théng TBM tw dong diéu
chinh hwéng dao.

3.3.2 Hé théng dinh hwdng tw déng cua TBM

Tap chi KHCN Xay dung - sé 2/2025

Hé théng dinh huéng cho TBM la hé théng tw
dong hoéa véi viéc dung may tinh va diém bat muc
tiéu trén man hinh cho viéc tw ddng xac dinh toa dé
va tw thé nghiéng ctia TBM. Cac sb liéu do vi tri cua
TBM duwoc thé hién dwdi dang sb hoa va truyén lién
tuc dé du bao sai s6 dwong truc cla gwong dao.
Théng tin vi tri dwoc dung trong hé toa d6 ba chiéu
XY va Z ctia cong trinh va hwéng cla truc tuyén ham.
Hinh 17 mo ta viéc dinh hwéng ty déng nay.
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Wy tish dish huimg Tem PR I
(PC cing nghidp) ot 3 Cung dip dién MM LG

Hinh 17. Hé théng dinh huéng tw déng ciia TBM [19]

Hé théng dinh hwéng lién két véi budng diéu  mét cach tire thoi bang cac formats (dinh dang) biéu
khién TBM (Hinh 18), trén man hinh, dd léch vé vitri  dd va bang s6 & moi thoi diém (Hinh 19), hd tro
ctia TBM vai truc dwdng ham thiét ké dwoc hién thi  nguwéi hoa tiéu cach didu khién may khoan.

X
Hinh 18. Buéng diéu khién TBM [19] Hinh 19. D¢ Iéch vi tri truc dudng hadm [19]

4. Giai phap quan trac dwong ham va dwong ray Vi dwong hdm duwong sét cao téc can quan
;a: ;a° t°t°V, roma ha tréc 1an ndn, d6 &n dinh ctia vd hdm. Co thé si
’ u?n raf rong Aam o ~ dung két hop nhiéu thiét bj khac nhau dé quan trac
_ Budng ham dugc xay dyng xuyén ndihode dudi s a0 dac dién ter, thiy chudn do chinh xac
mat dat la cong trinh dang tuyén dai nén chiu anh ) , R P .
s N N A . W cao; may quét laser 3D xay dwng md hinh dwédng
hwdng ctia nhiéu yéu to dia chat cdng trinh, thiy van R N . . . N N
£ o . . R ham dong thoi quan trac dwdng ham theo 3 chiéu
doc theo tuyén... Vi vay trong qua trinh thi cong va L. . . . )
van hanh st dung can quan trac dé phat hién kip thoi hogc st dL,:ng hé thf)ng giam sat tw dong, camera
cac s cb c6 anh hwdng dén vé hadm, nén ham... Te giam sat dé quan trac theo th&i gian thwc. Hinh 20
d6 c6 cac bién phap trng phé kip thdi, han ché ri ro Ia hinh é?nh mot sO thiét bi quan trac chuyén vij
vé con nguoi vat chat. dwong ham.
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4.2 Quan trdc dwong ray tau cao téc

Quan trac dwong ray dwdng sat cao téc 1a khau
rat quan trong nham dam bao an toan, hiéu qua va
do bén cua hé théng giao théng nay trong qua trinh
s dung. Céng tac tréc dia trong cong viéc nay la
dam bdo d6 rong va chénh cao cua duwong ray
trong han sai cho phép. Vi bat c sai léch nao ciing
dan t&i hau qua nghiém trong cho tau cao téc. Hinh

21 la céac thiét bi dung dé quan tréc, kiém tra do
réng, vi tri, cao do cla dwdng ray. Hién nay, cac
cam bién dwoc dung gén truc tiép vao ray dé do
nhiét do, tai trong, do do léch ray tang thém do an
toan cho dwong ray. Ngoai ra, irng dung cong nghé
loT va Al @é truyén di liéu, phan tich va dy bao hw
héng cta dwong ray ngay cang phat trién va mé
réng.

Hinh 21. Quan trac dudng ray dwong sét cao téc (Ngudn: Internet)

5. Thao luan va két luan
5.1 Théao luén

Cong tac trac dia dong vai trd vo cung quan trong
trong thi céng, quan trac bién dang dwong hdm va
dudng sét cao téc, dac biét khi tuyén dudng cao tbe
di qua cac doan dwdng ham.

Trong giai doan thi cdng va st dung dwérng ham
c6é dwdng sat cao toc di qua, cong tac trac dia gitp
xac dinh vi tri, cao d6 va huéng tuyén ctia duwong sét
cao téc, ddm bao viéc thi cong ding theo thiét ké. Voi
dwdrng hadm, do chinh xac cang quan trong dé tranh

Tap chi KHCN Xay dung - sé 2/2025

sai léch trong viéc khoan, dao va lap dat két cu.
Ngoai ra, dbi véi dwdng hdm, ngudi lam cong tac trac
dia luén cé nhiém vu giam sat sw 6n dinh cGa vach
ham va cac cu tric hd tro trong qua trinh thi cong,
gidm thiéu nguy co xay ra tai nan.

Pudng sat cao téc qua dworng ham cé yéu cau
dd chinh xac cao vi chi mét sai sd nhé trong dwéng
ham c6 thé dan dén hau qua nghiém trong, nhu tau
bi Iéch ray hodc va cham. Céng tac tréc dia dam bao
moi théng sb ky thuat dwoc duy tri trong ngwéng an
toan. Tuy nhién, néu dwéng ham dai thi dé dam bao
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dd chinh xac do dac cang khoé khan nén can phai két
hop nhiéu thiét bi hién dai.

5.2 Két luan

Cong tac tréc dia khong chi [a nén tang dé thi
cobng chinh xac ma con 1a "tai mat" trong viéc quan
tréc va duy tri sy an toan, bén virng clia dwong st
cao tbc qua dwdng ham. Thiéu trc dia thi sé that bai
trong dw an, tang chi phi stra chira hodc tham chi gay
nguy hiém trong qua trinh s dung. Vi vay, day la mot
khau khéng thé thiéu va can dwoc dau tw ky lwéng
vé cdng nghé 1an nhan lyc.
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