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TOM TAT: Bai béo ¢ ndi dung trinh by cong tac thiét ké d6 hinh ludi duong chuyén kép phuc vu cong
tac thi cong dao ham bang cong nghé TBM doan tir ga S9 dén ga S10 tuyén dudng sét trén cao Nhon - Ga
Ha Noi. Phan thuc nghiém da thanh 1ap, do dac ludi da thiét ké phuc vu dao thanh cong tuyén bén phai tir

ga S9 dén ga S10.

TU KHOA: Pudng chuyén kép, D4 hinh ludi, Phdn mém tinh toan.

ABSTRACT: The article presents the design of a double ZigZag traverse diagram to serve the
construction of tunneling using TBM technology from station S9 to station S10 on the Nhon - Hanoi
Railway elevated railway line. The experimental part has established and measured the designed traverse
network to successfully excavate the track 01 from station S9 to station S10.
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1. TONG QUAN

1.1. Téng quan vé cac phwong phap dao him

Tir thé ky 19 dén nay k¥ thuat dao hdm bat dau
dugc sir dung. Nhitng cong trinh ham ¢6 xua dugc
xay dung béng phuong phép tha cong, strc nguodi 1a
chu yéu, dén ngay nay cong nghé dao ham da phat
trién v6i nhiéu phucmg phdp khac nhau. Mot so
phuong phap ddo ham tir trudc dén nay.

a. Phuong phap thu cong

Phuong phap nay goi la phuong phap thu cong,
nhung ngudi thg mé miét mai duc déo da bang
cube xéng, dén dau leo 1ét soi du’orng Ay vay ma,
ho da tao nén nhitng dudng ham dang kinh ngac,
phuc vu cho nhu cau khai thac va di chuyén..

b. Phuwong phdp dao ho (Cut-and-Cover):
“Pao va Lap” don gian ma hiéu qua

Pay la phuong phap dio ham “kinh dién” va
dé hinh dung nhét. V& co ban, ching ta s€ dao mdt
“con hao” 16n trén mat dat, xay dung két ciu ham
bén trong, rdi lip dit lai. Nghe thi ¢6 vé don gian,

nhung phuong phép dao hé van dugc mg dung
rong rai trong xay dung ham metro, ham duong b
ngin va cac cong trinh ngam d6 thi kha.

Uu diém ciia phwong phap dao ho 1a thi cong
nhanh, chi phi twong ddi thp va d& kiém soét chét
lwong. Tuy nhién, né ciing ¢6 nhuge diém 1a gy
anh huong 16n dén giao thong va sinh hoat ciia
nguoi dan trong qua trinh thi cong, dac biét 1a o
nhiing d6 thi dong duc.

¢. Phwong phdp dao ham NATM (New Austrian
Tunneling Method): Linh hoat va thich ung

Mot phu’orng phap dao ham trong d6 thj khac
ciing rat phd bién 1a NATM. Phuong phap nay dya
trén nguyén ly “vé ham ty chju luc”, tin dung t6i da
kha nang chiu luc cta dat d4 xung quanh dé 6n dinh
hiam. NATM ndi tiéng véi sy linh hoat va kha nang
thich ing cao vdi nhiéu loai dia chit khac nhau.

Trong phuong phap dao ham NATM, ngui ta
s& dao him theo timg phan doan nho, phun 16p bé
tong bao vé vach ham ngay sau khi dao, rdi lip
dit hé thdng neo va cac bién phap gia ¢ khéc.
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NATM dic biét hiéu qua trong diéu kién dia chat
phirc tap, khong 6n dinh, noi ma cac phuwong phap
dao ham khac gip nhiéu kh6 khan. Ban c6 thé hinh
dung NATM nhu mét “ban tay” khéo 1€o, nhe
nhang “mé duong” trong long dit, thay vi “cong
pha” manh mé& nhu cac phuong phap khac

d. Phuong phap dao kin (Tunneling): “Chuot
chiii” cong nghé cao

Pé giam thiéu t6i da anh hudng dén bé mat do
thi, phuong phdp dao kin ra doi. Phuong phap nay
cho phép dao hdm ngdm ma khong can dao ho trén
mit dat. Thuc té, d6 1a nho sy trg giup cua cac loai
may dao hdm chuyén dung, dic biét 1a may dao
khién (TBM - Tunnel Boring Machine).

Hién nay, phwong phap dio him trong do
thi (TBM) hién dai da tién mot bude dai so véi qua
khir. Su ra doi ciia thude nd, may khoan him, may
dao khién va cic cong nghé tién tién khac da thay
d6i hoan toan dién mao nganh xiy dung him. Néu
nhu trude day, viée dao ham 1a mot qué trinh cham
chap, nguy hiém va tén kém, thi ngay nay, ching
ta da c6 thé xay dung nhitng duong ham dai hang
chuc kilomet dudi 1ong thanh phé mot cach nhanh
chong, an toan va hi€u qua hon.

1.2. Cong ngh¢ dao him TBM

Tau dién ngam la cong trinh quan trong trong
céu tric giao thong ciia cac thanh phd 16n trén thé
gidi. Cac cong trinh tau dién ngam thudng duoc
xdy dung trong cac thanh phd dong duc véi muc
dich 1am giam s§ ngudi st dung phuong tién cé
nhan dé giai quyét tinh trang un tic giao thong, 6
nhiém méi truong.

Cong nghé TBM ra doi dugc danh gia la ciu
canh cho cac du 4n tau dién ngdm vi nhimng wu
diém cta né. Pao ham bing cong nghé TBM thi
cong phan 16n dudi mat dit nén khéng ton dién
tich phuc vu thi cong va hau nhu khéng lam anh
huong dén cac cong trinh xdy dung trén mat dat.
Pic diém cia ham tau dién ngdm 1a rat nong (chi
khoang —10 dén —15 m so v6i mit dét), da sé him
c6 dia chat rat phtc tap, mic nudc ngém cao,...
nén viéc thi cong bing cong nghé TMB da giai
quyét dugc tat ca nhitng vin dé trén trong khi tit
ca cac phuong phap khac khong lam dugc. Hai loai
may TBM thuong duoc ding nhiéu nhat dé thi
cong hdm tau dién ngdm 1a EPB (ing dung 4p luc
cén bang) va Slurry (ding thay luc).

TBM hay may thi cong him bang khién ddo 1a
hé thong thiét bi co gidi hoan chinh, bao gdbm dau
cit & phia trudc dé dao dat da, tiép do 1a than khién

dao hinh tru dé chong d& tiét dién vira dao va thi
cong db tai chd hoac lap ghép vo bé tong cbt thép
dtc sin tao thanh két cdu chinh cua duong ham,
phia sau cing 13 hé thdng cip ning luong, thiy
Iwc, khi nén,... va van chuyén bun thai ra bén
ngoai bang hé théng bom hodc bing tai. May
khoan duong hdm (TBM) la thiét bi chuyén dung
dé dao hdm trong hau hét cac loai nén dit dudi cac
diéu kién dia chat, thuy van khac nhau. Cé nhiéu
loai TBM khac nhau, tr TBM trong da cting téi
khién trong dat yéu, tir khién dau ho dén khién dau
quay kin. Chirc nang cua TBM:

Pao duong ham trong dat da;

Van chuyén dét da dao ra khoi mat dao;

- Duy tri kich thude va do dc ctia dudong ham;
Chéng d& tam thoi duong him cho téi khi
hoan thanh két ciu chong dd 1au dai;

- Xir ly diéu kién nén bat loi;

N

Hinh 1.1: Hinh anh cia 1 logi mdy
dao ham TBM

Phwong phap dao hdm bang cong nghé TBM la
phuong phap thi cong lién hoan tir khoan ham - gia
¢6 vo ham - lap ghép hoan thién vé hidm theo mot
quy trinh khép kin, do viy sai s6 cho phép rit nho
chi vai centimet do didu khién huéng TBM nén
cong tac trac dia phuc vu dinh hudéng khi thi cong
bang cong nghé TBM ciing c6 su khac biét vi cac
thi cong truyén thong. DO chinh xac cua do ddc
ciing quan trong ddi vé6i tuyén ham, véi cac dudng
ham phuc vu duong sit toc do cao, muc do thay
d6i @6 dbc va ban kinh cong cua ray phéi c6 su
bién thién chim, sao cho cang tao ra cac tuyén
théng va do dbc cang nho cang tot.

O Viét Nam hién nay, cong nghé¢ dao him bing
may TBM da duoc thuc hién tai tuyén Metro Bén
Thanh - Sudi Tién. FECON la nha thau Viét Nam
dau tién tham gia van hanh robot TBM tir ga Ba
Son dén ga Nha hat Thanh phé H6 Chi Minh, véi
téng chiéu dai 2 x 781 m.
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1.3. Cong tac tric dia phuc vu thi cong dio him

Cong tac tric dia trong qua trinh xdy dyng hdm
bing cong nghé TBM gdm nhiing cong viéc sau:

- Thanh 1ap ludi khong ché co so toa do, do
cao tai cac ctra hAm phuc vu do dac ludi trong ham
khi tién hanh dao him.

- Do dac ludi khéng ché toa dd, d6 cao trong
ham phuc vu cung cép sb liéu cho thiét bi dao
trong qua trinh dao ham.

- Quan tric lun, nghiéng, chuyén dich ngang
cong trinh 1an can khu vuc Ga, ham di qua.

Véi cong tic dio ham bang cong nghé TBM
thi cong tac tric dia phuc vu thi cong trong qué
trinh dao ham la rat quan trong, Pay 1a cong tac
ddo ham 1 chiéu, dam bdo cho viéc dao ham di
dung hudng dén him bén kia, ludi duong chuyén
duoc thanh 1ap thuong 1a dang duong chuyén treo,
do vay d6 chinh x4c duong chuyén anh huéng rit
16n dén cong tac dao thong ham.

Cong tac tric dia phuc vu qué trinh dao ham:

+ Budc 1:

Thanh 13p ludi khdng ché mat bang trén mat
dat bang cong nghé GPS, cic diém khong ché
dugc bd tri tai cac ram ddc, giéng dung, nha ga
ngam (1a diém xuit phat cia hé théng TBM khi
dao ham) nhu hinh 1.2.

¥

Tuyén tap bao cao Hoi nghi Khoa hoc can bé tré lan thir XVII

M Surface = Tyl bk mity
TBM Launching Shatt =
Giding dimg khir cheg
Ihoan him bling muy khoan

Hinh 1.2: Lwéi khéong ché trén néc him

+ Buoc 2:

Tién hanh chuyén toa do, do cao tir cac diém
khéng ché trén mat dat xuéng ham qua giéng dung
va ram ddc.

+ Buoc 3:

Thanh 1ap lu6i khong ché trong him 1a dang
ludi dudng chuyén kép 6 phia sau hé théng TBM.

+ Buoc 4:

Thuong xuyén phét trién cac tram khong ché
tam thdi ¢ trén néc him sao cho cac tram nay dit o
phia sau hé théng TBM ludén nhin thiy cac muc
tiéu lang kinh gin trén TBM dé dinh huéng TBM
khi khoan ham.

Hinh 1.3: Lu6i dwong chuyén kép trong ham
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TBM Gid e r thar hai
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Hinh 1.4: H¢ thong ludi dwong chuyén kép trong hiam

+ Buwoc 5:

Tram Laser da duoc gén cac toa dg, do cao tu
tram khéng ché tam thoi duoc chiéu 1én muc tiéu
lang kinh gan vao hé thong TBM dé xac dinh céc
toa 4o khong gian (x,y,z) cia TBM tai diém d6. Hé
thdng chi dan khoan dao duong hiam va cic may
do d6 nghiéng truc kép inclinometer dong thoi xac
dinh sy thay ddi cta ddu dao so voi hudng thiét ké
theo 3 truc toa do. Trén co s& dé hé théng TBM tu
ddng diéu chinh hudng dao cho phu hop.

2. THIET KE LUOI PUONG CHUYEN KEP
TUYEN S9 - S10

2.1. Téng quan vé doan hAm ngam ga S9 - S10
Tuyén dudng sit d6 thi thi diém thanh phé Ha
Nbi doan Nhon - Ga Ha Noi nam trong hé thong
Metro ndi Nhon va Ga Ha Noi. Bét ddu ¢ Dé po tai
Nhén, tuyén duong Metro chay t6i phia Pong doc
duong Québc 16 32, di qua khu vuc Cau Dién vuot
qua duong vanh dai 3. Sau d6 tuyén Metro chay
tiép trén duong Xuan Thity, Cau Gidy cho dén khi
dén tram trung chuyén v6i xe Bus ¢ trude dai hoc
Giao thong van tai Ha Noi, tai diém nay tuyén bat
dau ha ngam, chay theo duong Kim M3, qua gan
khach san Horison va tiép tuc chay thiang qua Cat
Linh, Quéc Tt Giam va két thuc tai Gara nam trén
dudng Tran Hung Pao. G6i thau CP03 gém 04 nha
ga ngdm, ndi gitra cac nha ga vé6i nhau 1a 2 dudng
ham chay song song (dwdng kinh 5,7 m) véi tong
chiéu dai 2,7 km va 1 déc ha ngdm, 1 giéng thong
gi6, dudong chuyén lan va gara. Poan ga S9 - S10
la doan ga ngam dau tién trén tuyén cia 3 doan

ngam sau khoang 17.8 m dudi miat dat, chay tir
Kim M3 dén Cat Linh, v6i chiéu dai khoang 1.3 km.
Nha thau thi cong céc doan ngdm 1a lién danh
Huyndai E&C - Ghella

Shaft
Giéngthnathinm

’0 -

_' Station 09 |
Ga Klm Ma

Hinh 2.1: So dé tuyén him S9 - S10

2.2. Nguyén Iy phwong phap lwéi dwong chuyén kép

Tir trude dén nay, & nudc ta thi cong hdm bang
céc phuong phép truyén thong, ludi thi cong trong
ham thudng st dung dang ludi duong chuyén treo
don ¢6 do thém goc bd sung dé kiém tra, ning cao
do tin cay. Pay 1a dang ludi khdng ché co do tin
cay thip.

GPSs2

GPS3

Hinh 2.2: So db lwéi dwong chuyén treo

Khi thi céng bang cong nghé TBM thi viéc thi
cong xdy dung hdm 1a mot quy trinh lién hoan,
khép kin tir ddo dudng ham - gia ¢b vo ham - hoan
thién v6 hiam va c6 yéu cdu do chinh xdc dinh
huéng ham rat cao. Vi vdy, can phai nghién ctru
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g dung dang ludi khong ché dic biét co do tin
cdy cao dé dam bao qua trinh dinh huéng ham khi
thi cong ham bang cong nghé TBM dat cac yéu cau
theo thiét ké dé ra. Sau khi tham khao mét sb tai
liéu nudc ngoai ching t6i thay dang ludi khéng
ché twong ddi phu hop d6 1a tuyén dudong chuyén
kép. Noi dung chi tiét lu6i duong chuyén kép duge
néu trong tai li€u [4].

2.2.1. Thiét ké lwéi dwong chuyén kép

Luéi duong chuyén kép duge thanh 1ap & phia
sau hé théng TBM va phét trién theo tién do dao
ham. Vi duoc thanh 14p & phia sau hé théng TBM
ma khu vuc nay dd dugc hoan thién vo ham nén
diéu kién do dac tuong d4i thuén loi.

C6 thé thiét ké lu6i dudong chuyén kép nhu sau
(Hinh 2.3):

+ Tai mot vi tri bd tri hai diém khéng ché ké
nhau, cach nhau 8 m + 10 m.

+ Chiéu dai canh dai cta luéi dudng chuyén
kép tuy thudc vao thiét ké cia ham ma co thé thay
ddi tir 150 m + 200 m.

+ Po tht ca cac canh trong ludi va chi do cic
gbc hop boi cac canh dai trong ludi. Nhu vay, ludi
gdm céc tir gidc tric dia ké tiép nhau.

T g 4ol
AlA2B2BI

Clp thi 2 i tram
it bhidn

Hinh 2.3: So dé luwéi dwong chuyén kép

2.2.2. Ubc tinh d¢ chinh xdc lwedi dwong chuyén kép

Trong ludi dudng chuyén kép c6 s6 luong tri
do thira géc va canh twong ddi 16n nén c6 thé sir
dung céc thuat toan cua phuong phap binh sai diéu
kién hodc phuong phép binh sai gian tiép dé udc
tinh d6 chinh xac ciia ludi theo nguyén 1y sb binh
phuong nho nhit. Hién nay, ngudi ta hay sir dung
cac thudt toan cua phuong phap binh sai gian tiép
dé udc tinh do chinh xdc ciia ludi trac dia, vi
phuong phap nay cho phép tu dong hda cao va
thudn loi cho viéc 1ap chuong trinh trén may tinh.
Nhu viy, lu6i duong chuyén kép co thé st dung
cac phin mém chuyén dung da dugc thanh lap dé
udc tinh @6 chinh xac.
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2.2.3. Té chirc do dac thanh lip lwdi dwong
chuyén kép

Xét mot doan dudng chuyén kép bao gdm 3
cap diém 1-1°; 2-2’; 3-3’ (Hinh 2.4)

l |l

2 4y

Hinh 2.4: So' db do gbc - canh
trén 1 tram do lwoi dwong chuyén kép

Tai mdi tram méy do 3 géc B1, P2, p3 va do 5
canh 1a canh b, ¢, al, b2, ¢2. Canh al c6 thé do
bang may TPPDT hodc thudc thép.

Hinh 2.5: So dé do géc - canh
trén 1 tram do lwoi dwong chuyén kép

Tai so @b hinh 2.5 do 11 canh, 6 géc va can
phai kiém tra chét luong do dac trong ludi theo cac
diéu kién sau:

a. Kiém tra chat lwong do géc

Chung ta c6 thé kiém tra chit luong goc do cua
luéi duong chuyén kép trong mdi mot tir giac 1-1°-
2-2’ bang phuong trinh diéu dién goc dbi dinh
(Hinh 2.5).

YitPi=rv2tvs (2.1)

Tir 6, ta c6 phuong trinh diéu kién dang sb
hiéu chinh la:

Vot Vg — V-Vt o,=0 (2.2)

Trong do: o, =v1+Bi—72-73 (2.3)
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b. Kiém tra dé chinh xdc chuyén phwong vi
Tir cic canh 1-2 va 1’2 ta c¢6 thé chuyén
phuong vi dén canh 2-3 (Hinh 2.5) nhu sau:

(231 = o2 + P2 (2.4)

(02:3)2 = o + (B2 — PBr) (2.5)
Kiém tra diéu kién khép phuong vi

Aa = (023)1 - (023)2 (2.6)

c. Kiém tra chat lwong do canh

Xét tir giac do toan canh 1-1°-2-2” (Hinh 2.5)
can kiém tra chét lwgng canh b;"mg diéu kién:

YitYa=7s (2.7)

Trong do: v; la cac gdc tinh tir cac canh do theo
dinh 1y ham s6 cosin.

Tir d6, ta c6 phuong trinh s6 hiéu chinh la:
(2.8)

Vi os=7v1+v4-7s 2.9)

Pé kiém tra chit luong do géc va do canh
trong lugi dudng chuyén kép can phai xac dinh cac
dai lugng (wgn) tinh trong cic cong thire (2.3), (2.6)
va (2.9).

Nhu vay, d6i v6i mot doan ludi duong chuyén
kép nhu hinh 2.5, c6 4 tri do thira bao gém 2 tr1 do
thira dé kiém tra diéu kién canh va 2 tri do thira dé
kiém tra diéu kién goc. Vay trong trudng hop nay
do tin cdy cua cac dai lugng can xac dinh s& duogc
tang 1én Vr 1an, trong d6 r 1a tri do thira [2].

Vol F V- Vs T, =0

2.2.4. Xdy dwng cong thirc kiém tra chit lwong do
géc lwéi dwong chuyén kép

Chat luong do géc trong ludi duong chuyén
kép duoc kiém tra qua sai s khép oy tinh theo
cong thire (2.3) véi cac yi va Pi la cac goc do trong
duong chuyén, & ddy ta can phai tinh sai sb khép
2i6i han (wg) theo cac chi tiéu ky thudt thanh 1ap
lusi khdng ché thi cong trong hdm phuc vu thi
cong him bing cong nghé TBM. Gia tri o dugc
tinh nhu sau:

Tir cong thirc (2.3) 1y vi phan toan phin va
chuyén vé sai s6 trung phuong ta co:

2 2 2 2 2
m’y, =m°,; +m +m°, +m's (2.10)

Coi:  my =mg =my, =m,;=mg (2.11)
Ta co:

m’,, = 4.m’% (2.12)
Hay: my,=2.mg (2.13)

Trong d6: mg - Sai s6 trung phuong do goc
trong dudng chuyén.

Néu lay sai s giéi han bang hai lan sai s
trung phuong ta co.
Wgh = 2.Myy = 4.mg (2.14)
Lay mg = 1,5 thay vao cong thirc (2.14) ta cé:

wgh =4 6”

2.2.5. Kiém tra chit lwong do canh trong lwoi
dwong chuyén kép

Pé kiém tra chit lugng do canh trong ludi
dudng chuyén kép thi ¢6 nhidu cch dé kiém tra, sau
day chung t6i trinh bay hai cach kiém tra nhu sau:

+ Cach 1:

Kiém tra sai s6 khép os tinh theo cong thirc
(2.9), sai sb khép géc (@s)gn tinh theo nguyén tic
sau day:

b
Hinh 2.6: Lwoi tir gidc nho

Déi voi ludi tam giac nho, khi cc canh trong
mdt ti gidc dugc xac dinh theo hinh 2.6 thi sai )
khép gidi han wg, cd thé tinh theo cong thirc:

4b
Oy =——p".

(2.15)

s
a.c

Trong do:

- a, b, ¢: Chiéu dai céc canh do trong tir gidc
trac dja do canh;

- mg: SSTP do canh trong ludi.

Ap dung vao lu6i duong chuyén kép khi thiét
ké c6 canh b =~ ¢. Tir cong thic (2.15) ta ¢6 cong
thirc tinh sai s6 khép gi6i han cho phwong trinh
diéu kién:

® =ip”.m (2.16)
a

Khi d6 chinh xac do canh mg = £1 mm; canh
a =10 m, thi oy ==+ 82,5”.

Nhu véy, trude khi binh sai ludi duong chuyén
kép ta can phai kiém tra chat lugng do canh tinh
theo cong thic (2.16) va tinh sai ) gidi han cho
phép oy theo sai s6 trung phuong do canh trong
dudng chuyén.
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+ Cach 2:

Chat luqngo do canhqtrong lqdi du‘(‘)'ng chuyén
kép cling c6 thé dugc kiém tra bang diéu kién dién
tich sau day:

Tl hinh 2.5 ta ¢6 diéu kién.

Sat2-2" + Sa12m1 = Sar2 + Saraa (2.17)

Trong do:

Sat-2.2: Dién tich tam giac 1-2-2’.

Sa12-1: Dién tich tam giac 1-2°-1°.

Sai.1r2: Dién tich tam giac 1-1°-2.

Sar2: Dién tich tam giac 1°-2-2’.

Dién tich cic tam gidc dugc tinh theo cong
thirc Heron:

Suisa =y/P(P—a)P—b)(P—c) (2.18)

Trong do:
a+b+c
T2
a, b, ¢, 1a cac canh do trong hinh 2.6.

p (2.19)

2.2.6. Kiém tra diéu kién phwong vi

Tur coéng thic (2.6) vi phan toan phian va
chuyén sang sai s0 trung phuong ta co:

My, = (Mgy3)7 + (Mg 3)3 (2.20)
Néu coi
(Mg, 3); =(mg, 3), =my, (2.21)

Trong d6 k chi sb thir tw canh chuyén phuong vi.
Ta co:
m,, =m, ~2 (2.22)
- Gia tri my duogce tinh nhu sau:
Tﬁ cong thﬁq chuyén phuong vi trong mot
tuyén dudng chuyén ta co:
o =0, +Zk:[3i +180°

i=1

(2.23)

Vi phan toan phan (2.23) chuyén vé sai sb
trung phuong ta co:
k
mék = mio + Z:méi (2.24)
i=l
Vi: Ay = (0k); - (0k), (2.25)
Nén anh hudng cia sai s6 phuong vi khoi dau
My SE€ bi triét tiéu, khi do ta co:

my, =mgk (2.26)
Thay vao cong thirc (2.22) ta c6
My =My ~2k (2.27)

Trong d6: k 1a sb thir tw chuyén phuong vi.
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Ta c6 sai s6 khép gi6i han chuyén phuong vi
tai canh thu k:

an = Z-mAa

(2.28)

Néu trong tuyén dudong chuyén kép canh
chuyén phuong vi ¢6 k = 5; mg =+ 1,5” thi ta tinh
dugec my, =£4,7" vaf, =+ 9.4”.

2.3. Thiét ké lwéi dwong chuyén kép tuyén S9 - S10
phia phai

Nhu d3 gidi thiéu & myc 2.1, tuyén duong sat
ngdm tir ga S9 dén ga S10 gém hai ham chay gan
song song nhau trong dé doan phia bén phai dai
khoang 1.300 m.

Pudng him dugc diao bing phwong tién co gidi
bao gdm dudng him ddi vo him bang mot 16p vat
lidu 12 bé tong diic sn vinh vién. Cic vong vo him
dugc dung 1a loai phé bién, bao gdm 5 doan chinh
va 1 doan nho vdi kich thudc nhu sau:

- Puong kinh trong: 5.700 mm (bao gdm
200 mm sai 1&ch cho dwong hdm 5.500 mm).

- Chiéu day vo ham: 300 mm (Hinh 2).

- Chiéu dai vé ham: 1.500 mm

Tuyén dao bat dau tir ga Kim Ma (s& duogc sir
dung nhu 16i vao TBM) hudng vé phia Pong cta
thanh phé, doc theo khu vuc ban dau cua tuyén,
ham chu yéu chay theo duong Kim M, sau d6 gip
giéng thong gid va uén cong nhe vé phia Nam qua
1 khu dan cu rdi gip Ga Cat Linh. Doc theo doan
tuyén nay, mot giéng thong gi6 sé& dugc xay dung
va duge két ndi v6i ham chinh bang hai ham ngén
dugc dao theo phuong phap NATM trén nén dét
duge ¢ két hoan toan thong qua ky thuét phun vira
jet grouting. Can luu y ring trudc khi gap ga Cat
Linh, tuyén hdm di qua gan Van Miéu, di tich lich
st cia thanh phé Ha Noi.

SEGMENTAL LINING (300mm THICKNESS)
LOP Vi HAM PHAN DOAN (00 DAY 300mm)

Tryc him 87

./.'

w
=
<L
]
-]
=]
-

.\\

SLURRY FILLING TH=150 mm
WA XI MANG DAY 150 mm

Hinh 2.7: Mt cit vé ham
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Bang 2.1: Thong s6 chiéu dai tuyén him S9-S10

Hang muc céng viéc | Tén Ga Ly Trinh

Ga 09 KimMa |KM 184921 to 19+107
Ham KM 19+107 to 20+452
Giéng dimg KM 19+730

Ga 10 CatLinh | KM 20+452 to 20+622

V6i so dd tuyén ham nhu hinh 2.1, viéc thiét
ké so bo luéi dudng chuyén kép gdm 4 diém gc,
02 diém & ga S9 1a PL9.2, PL9.3 va 02 diém & ga
S10 1a PL9.5 PL9.7. 8 cdp diém tao thanh cac cip
dudng chuyén kép va 1 diém cudi két ndi véi cac
diém gdc phia S10 (Hinh 2.8)

. P Toa dd diém khong ché
Tén moc
X(m) Y(m)
PL9.2 2326500.9165 506619.4047
PL9.3 2326519.5198 506745.7538
PL9.5 2326383.925 508100.948
PL9.7 2326364.797 508194.371

LM
/._i

14

1814165

1BRL-3

BB g 40
——

1BKL-5207

1BKLE045

Hinh 2.8: So db thiét ké lwdi
dwong chuyén kép (tiép)

3. THUC NGHIEM PO PAC LUOI PUONG
CHUYEN KEP TUYEN S9 - S10 PHiA PHAI

3.1. Thiét bi sir dung

Pé do dac ludi dudong chuyén kép nhu muc 2.3,
hé théng may moc dugc thuc hién gf”)m : May toan
dac dién tir TS16-1 do hang Leica san xuét va cac
thiét bi bang ngam di kém. Thong sé k¥ thuat may
nhu sau:

Hinh 3.1: May toan dac dié¢n tir TS16-1
va thiét bi doi tam quang hgc

Bang 3.1: Thong so ky thuat chi yéu
may toan dac dién tir TS16-1

Po goc
e Phuong phap: Chinh xac, lién tuc, toan dién

e Do chinh xac: 1”

Do canh
Dai do:
e Do vdi guong: 3.500 m
e Do khong guong: RS00/R1000
Do chinh xac:
e Dodon: | mm+ 1,5 ppm
e Do nhanh: 2 mm + 1,5 ppm
e Do khong guong: 2 mm + 2 ppm
Kich thuéc diém laser: 8 x 20 mm tai 50 m
Cong nghé¢ do:
e Hg¢ théng phan tich

o Tia laser do ddng truc

Théng s anh
Phan giai: SMG
Truong nhin: 19.4°
Téc d6 man chap: 20 hinh/gidy
Tia laser din hudng
Ban ngay: 30mm@250m
Ban dém: Smm@500m
Pén dan hudng
Tim xa: 150 m

Do chinh xac: 5 cm tai 100 m

3.2. Két qua thye hién

- Vi cong tac thi cong dao ham lién tuc 24/24,
thoi gian thi cong bt ddu tir ngay 30/7/2024 -
7/03/2025. Thoi gian lam viéc tir 7h sang t6i 19h
t6i va 19h tdi téi 7h sang hom sau, nhan luc thuc
hién gém 12 ngudi chia 1am 2 ca trong dé 8 nguoi
lam ban ngay va 4 ngudi lam ban dém. Po dac lién
tuc va cap sd liéu kip thoi cho thiét bi TBM. Ngay
7/3/2025 cong tac dao him tuyén S9 - S10 phia
phai d3 dugc hoan tit. Sau ddy 1a mot sb hinh anh
do dac ludi duong chuyén kép trong ham:
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- Két qua do dac ludi duong chuyén kép trong ham.

. Toa d¢ Sai s6 vi tri diém
STT Tén di€m

X(m) Y(m) Mx(m) My(m) Mp(m)
1 1BKL-02-0 2326515.4623 506763.3510 0.0002 0.0002 0.0003
2 1BKL-128-1 2326536.0183 506951.9376 0.0004 0.0003 0.0005
3 1BKL-243-0 2326561.2060 507121.6723 0.0006 0.0003 0.0007
4 1BKL-331-1 2326580.5665 507252.9825 0.0008 0.0003 0.0009
5 1BKL-401-1 2326585.4271 507358.1902 0.0010 0.0003 0.0011
6 1BKL-405-1 2326585.2140 507363.0057 0.0010 0.0003 0.0011
7 1BKL-509-1 2326565.6869 507519.1391 0.0013 0.0003 0.0013
8 1BKL-513-1 2326564.3710 507524.4568 0.0013 0.0003 0.0013
9 1BKL-632-0 2326510.6090 507695.0344 0.0016 0.0004 0.0017
10 1BKL-761-1 2326448.2181 507878.8029 0.0020 0.0004 0.0021
11 1BKR-01-5 2326511.1596 506762.4907 0.0002 0.0002 0.0003
12 1BKR-123-0 2326530.6175 506944.5220 0.0004 0.0003 0.0005
13 1BKR-240-1 2326556.3449 507118.1314 0.0006 0.0003 0.0007
14 1BKR-330-1 2326575.3524 507250.8102 0.0008 0.0003 0.0009
15 1BKR-632-1 2326506.0110 507692.9991 0.0016 0.0004 0.0017
16 1BKR-762-1 2326443.1770 507877.4991 0.0020 0.0004 0.0021
17 1BKR-894-0 2326383.7255 508066.9771 0.0024 0.0006 0.0025
18 PL9.5 2326383.9329 508100.9505 0.0025 0.0006 0.0026
19 PL9.7 2326364.8059 508194.3737 0.0027 0.0006 0.0028

Vi két qua do dac trén, diém PL9.5 va PL9.7 12 2 diém khéng ché tai ga S10. Két qua so sanh toa
d6 chuyén tir 2 diém PL9.2 va 9.3 cho thay sai s6 so v6i két qua sau khi chuyén déu nam trong gidi han

cho phép.
. Toa dd chuyén tir ga S9 Toa d¢ tai ga S10 Két qua so sanh
Tén moc
X(m) Y(m) X(m) Y(m) dX(m) dY(m)
PL9.5 2326383.933 508100.950 2326383.925 508100.948 0.007 0.002
PL9.7 2326364.806 508194.374 2326364.797 508194.371 0.009 0.003
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4. NHAN XET VA KIEN NGHI

Viéc tmg dung ludi dudng chuyén kép phuc vu
dao ham tuyén S9 di S10 va da hoan thanh cong
tac dao him ding theo yéu ciu, nhém tic gia dua
ra mot sO nhan xét sau:

- Viéc ap dung phuong phap Iudi dudng
chuyén kép phuc vu diao hdm bing coéng nghé
TBM la hoan toan hop ly dat do chinh xac dao ham
theo yéu cau bang phuong phap TBM.

- Phuong phap duong chuyén kép cé thém
nhiéu tri do thira dé kiém tra, tranh dugc sai sé thd
dan dén dao sai hudng va con cho phép kiém tra
chét luwgng do goc va canh tai ting khu vuc, niang
cao do chinh x4c cua diém cudi tuyén duong
chuyén thi cong.

- Kién nghi: Viéc ing dung ludi duong chuyén
kép phuc vu cong tac dao him bang thiét bi TBM
can dugc ung dung rong ri, tuy nhién ciing cin
phai c6 phuong phép do dac, thiét ké ludi phu hop
cho timg tuyén ham trude khi thi cong.
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