Nghién ciru
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Tém tit

Bai wet nghién cuu ng dung pth'ng phdp phan tir hiru han dé mo hinh hoa
dwong ham tau di¢n ngam voi cdc thong SO dau vao la ban kinh dwong ham, d¢ sdu
ddat dwong ham, tinh chat co Iy cia cde I6p dat va tinh chat ciia vé ham. M6 hinh héa
dugc thyc hién vdi cac phwong dn khac nhau, thay doi kich thudc duwong kinh va myc
sdu phdn bo durong ham. T, hwc hién mé hinh hoa thu dwoc ket qua chuyen dich va bién
dang bé mdt dat tac gia da dé xudt ham da thirc voi cac bién la géc ma sdt trong, ban
kinh dwong ham va do sdau dat dwoc ham. Tir do, du bao goc chuyen dich dogn Kim
Ma - ga Ha Néi. Trén co so do, nghién ciru nay de xudt phwong dn thiét ké hedi quan

tric chuyén dich bé mdt do cong trinh tau dién ngam gay ra.

Tiwr khoa: Dich chuyen bé mit; Bién dang; Cong trinh ngam.
Abstract

Designing displacement monitoring network and surface deformation caused by
subway tunnels

The finite element method was applied to model subway tunnels with different
input features, such as tunnel diameters, tunnel depths, mechanical and physical
properties of soil layers and characteristics of tunnel lining. There are some scenarios
of the subway tunnels model (e.g. changing the tunnel diameters and tunnel depths).
A polynomial function using internal friction angle, tunnel diameters and tunnel
depths was derived from the results of the ground surface movement and deformation
modelling for predicting displacement angle of Hanoi subway at Kim Ma - Hanoi
Station section. On that basis, this study proposes a design plan for the surface

displacement monitoring network caused by the subway project.
Keywords: Displacements of a terrestrial surface; Deformations; Underground building.

1. Gioi thiéu

Ngay nay viéc khai thac khong glan
ngam & cac thanh phd 16n, dic biét vige
xdy dung céc cong trinh giao thong ngam
dan dén hé qua anh huong xdu dén dia
chat méi truong, nha & va cac cong trinh
cong cong phan bd phia trén bé mit, noi
c¢6 cong trinh ngdm chay qua.

V6i su phat trién manh mé cua c()ng
nghé thong tin, viéc ap dung tin hoc vao
du bao chuyén dich va bién dang dat duoc
nhiéu thanh tyu, can phai ké dén phu’orng
phép phan tir hiru han, phuong phap gidi
han bién va cac phuong phéap khac. Bugc
ung dung rong rai trong du bao chuyén
dich va bién dang bé mat do xay dung

duong ham tau dién ngdm d6 1a phuong
phap phan tir hiru han, co thé ké dén
cac tac gia A. G. Protosen, V.M. Ulisik,
D.A. Potemkin, M.A. Karaseva, P.A.
Demenkova, Pham Anh Tuin, Nguyén
Xuan Bic va cic tac gia khac.

Trong bai bao nay tac gia dua ra
phuong an tinh blen dang va chuyén dich
bé mat c6 tinh dén ban kinh duong ham,
do sau dat duong ham, tinh chét co ly cua
cac lop dat, tinh chét cta vo ham.

Tu liéu st dyng duge tac gia lay
tur thuyet minh thiét ké ky thuat du an
tuyén duong sat do thi doan Nhon - ga
Ha N1, cu thé doan di ngam Kim M3 -
ga Ha Noi.

61

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 35 - nam 2021



Nghién cuu
Bing 1. Théng sé co Iy trung binh cia cdc lop dit

Cac lop g, @) |g@ | Ekg) | Ckg) | 0,5()
16p 1 (8 m) 1.839 | 1.385 | 152.904 | 0.124 | 18.265
16p 2 (10 m) 1.865 | 1450 | 146.540 | 0226 | 18.529
16p 3 (12 m) 1942 | 1.564 | 146.768 | 0.086 | 26.520
16p 4 (10 m) 1.946 | 1.591 | 154997 | 0.092 | 28.655

2. Du bao chuyén dich va bién dang

2.1. Thuec hign mé hinh héa bang phan mém plaxis 8.2

Tir 5 thong s6 dau vao trong Bang 1 tic gia tién hanh nhdp vao chuong trinh
Plaxis 8.2 dé thuc hién mo hinh hoéa vé&i do siu cua duong hdm h = (18 m, 20 m, 25
m, 30 m), Gng vé6i cac do sdu do, tac gia thay ddi ban kinh dudng ham theo cac gia tri
R=(2.75m,3 m, 3.5m,4 m) va 7 gid tri goc ndi ma sat tur gia tri trung binh thay doi
theo cong thirc:

©1= Qs P2 = @1 — 0.12075; @3 = @15 — 0.08¢01p; ¢, = @15 — 0.04¢1p;
@5 =@rpg +0.0401p; 95 = @ +0.08¢1p; @7 = @rp +0.12¢1p

trong dé P s la gia tri trung binh ctia gbc ma sat trong & Bang 1.

Két qua thu nhan dugc tr mé hinh: do 1a cac gid tri dich chuyén dung, gia tri dich
chuyén ngang, gié tri bién dang dtng, gi4 tri bién dang ngang. Str dung két qua d6 cung
véi cac gi tri gidi han bién dang va gidi han do nghiéng = = 0.5.10 [2], thu duoc
gia tri goc gii han chuyén dich ung véi tirng mé hinh.

Gy

Hinh 1: Mé hinh héa dwong ham cé cing  Hinh 2: M hinh héa dwong ham é ciing
bdn kinh phdn bo ¢ dj sau khdc nhau dg sau voi ban kinh khdc nhau

Hinh 3: Két qud phan bé chuyén dich dirng  Hinh 4: Két qua chuyén dich dieng (a) va
(a) va bién dang ngang (b) thu nhin dwoc & bién dang ngang (b) trén bé mat dat
cdc mo hinh
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Phuong phap xir 1y s6 liéu mo hinh:

Nghién ciru

i

Hinh 5: So dé tinh dj nghiéng ciia
cdc doan trén bé mdt dat

2.2. Dé xuit ham dw bdo géc
chuyén dich

Tac gia xac dinh ham géc chuyén
dich phu thudc vao goc ma sat trong , ban
kinh duong him R va d6 sau dat duong
ham H c6 dang nhu sau [3]:

0,9, R, H) =a.p +b.R’—c.R + kH (1)

Sau qué trinh tinh todn két qua bai
bdo da dua ra duoc cac hé sd a, b, ¢, k
trong ham s6 géc chuyén dich trong
phuong trinh (1) Ung vdi céc truong hop
cac do sau khac nhau (Ung véi nén dia
chat tuyén Kim M3 - ga Ha Noi). Tir d6
xéac dinh dugc bién do anh hudng trén bé
mait do viéc thi cong cong trinh ngdm gay
ra.

+ Trudng hop him don khong c6 vo
ham thu duge goc chuyén dich theo ham
sau:

S, =155 ¢ + 24R - 192.R -

0

0,0807.H + 3,8761

+ Truong hop him don ¢6 vé ham
thu duoc goc chuyén dich theo ham sau:

o, = 1,55 ¢ + L4R* - 22R +
1,2608.H - 1,5207

Ham thuc nghiém cua tac gia dua ra
g v&i do sau H = 18m tré xudng (18 m,
20 m, 25 m, 30 m) hoan toan dang tin cdy,
co do léch giad tri goc chuyén dich tinh
theo ham thyc nghiém so vé6i két qua thu
duoc tir mo hinh 1a < 10%.
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Hinh 6: So do tinh dj cong

3. Thlet ke hé thong lwdi trong
quan tric chuyen dlch bién dang

3.1. Thiét ké lwdi khong ché co sé

Hé thong ludi khéng ché co SO nam
ngoai khu vyc chiu énh huéng chuyen dich
bé mat do tac dong cuia duong ham tau dién
ngam, cach tim tryc cua dudng hdm chiéu
1én mat dat trén 50 mét. Mdc co SO thu’orng
dugc bb tri thanh ting cum 3 méc dé co
diéu kién kiém tra sy 6n dinh cua cac mdc.
Trong bai bao s€ dua ra mot s6 phuong 4n
thiét ké Iu6i, tién hanh so sanh do chinh
xac gilta cac phuong an de tir 46 dé xuét
phuong 4n duoc cho 1a tbi wu. Hinh 7 la
mot trong nhung phuong 4n thiét ké.
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Hinh 7: So' do bo tri moc co so
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Hinh 8: So do wéc tinh lwéi
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Uéc tinh do chinh x4c cua ludi co so:

Tac gia st dung phin mém
DPSURVEY 2.8, d¢ udc tinh ludi theo
phuong phép chit ché vdi so d6 ude tinh
dugc minh hoa trong Hinh 8. Uéc tinh d6
chinh xdc cua ludi co s¢ ap dung cho 2
truong hop him ¢é vo va ham khong vo.
Su khac nhau gitra hai phuong an 1a ¢ du
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kién sb lugng tram may trén mdi tuyén
do, con vé do chinh xac do du kién & ca
hai phuong an déu cho twong duong véi
thity chudn hang II, tirc 1 sai s trung
phuong trén 1 tram may m_ = 0.5 mm.
Khi @6 co6 thé coi hiéu do cao cua diém
quan tric giira cac chu ky chinh 1a @6 lun
thue té cua diém quan tric.
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Hinh 9: Uéc tinh lwdi khong ché co sé

Két qua udc tinh ludi khong ché co sor

Phuong 4n 1: Thanh 1ap 06 mbc
khong ché co s¢ tr MC1 dén MC6 nhu
so do Hinh 7, s6 lugng tram do trén moi
tuyén tur 4 - 8 tram.

- Sai sb trung phuong (SSTP) trong
s6 don vi m =+ 0.50 mm/ Tram.

- SSTP d6 cao diém yéu nhat:

my 05y = 1.09 (mm).

- SSTP chénh cao yéu nhat:

Mo ven = T 0.87 (mm).

Phuong 4n 2: Thanh lap 05 mdc
khong ché co s¢ gom moéc MC1, MC2
MC3, MC4, MC6 tao thanh 1 vong thuy
chuan khép kin, sd lugng tram do trén
modi tuyén tir 6 - 12 tram.

- Sai s6 trung phuwong (SSTP) trong
6 don vi m =+ 0.50 mm/ Tram.

- SSTP d6 cao diém yéu nhat:

My 0=+ 1.34 (mm).

- SSTP chénh cao yéu nhat:
=+ 1.34 (mm).

M4 - mco)

Phuong 4n 3: Thanh lap 04 mdc
khéng ché co so gdm mbc MC1, MC3,
MC4, MC6 tao thanh 1 vong thiy chuan
khép kin, s6 luong tram do trén mdi tuyén
tr 10 - 12 tram.

- Sai s6 trung phuwong (SSTP) trong
s6 don vi m, ==+ 0.50 mm/ Tram.

- SSTP d6 cao diém yéu nhét:

my e,y =+ 1.66 (mm).

- SSTP chénh cao yéu nhat:

M yeq e = £ 1-48 (mm).

Nhan xét: Dua trén két qua udc tinh
va yéu cdu vé do chinh xac theo [6] vé
quan tric [in, ciing nhu tiéu chi d6 nhay
cua ludi trong viéc phat hién d6 Iun [5]:

+ Trudng hop ham c6 xdy vo gia tri
nho nhét cua do 1un cuc dai theo du bao
dat 11 mm: Dé phat hién do ltn mot cach
chinh xic, lu6i can thanh lap 6 diém
khéng ché co s&, dd chinh x4c do dac
tuong duong hang Il nha nudc nhu theo
phuong an 1.
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+ Truong hop ham khong xay vo tri
nho nhét cua do lan cuc dai theo du bao
dat 24 mm: Dé phat hién do lun mot cach
chinh xac, ludi c6 thé thanh lap tir 4 dén 6
diém ludi khéng ché co s6, do chinh xé4c
do dac tuong duong hang Il nha nude nhu
theo phuong an 3.

Nhu vy trong thiét ké tac gia dé xuat
lua chon cum mdc co s6 gém 6 mdc duoc
b6 tri nhu dd hinh trong Hinh 7.

3.2. Thiét ké lwéi quan tric

H¢ thong ludi khong ché quan trac
gom nhiéu vong khép véi so lugng 16n
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Hinh 10: H¢ théng méc quan tric
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Nghién ciru

cac diém mdc nam trong khu vuc chiu anh
huong chuyén dich bé mat do tic dong
ctia duong hdm tau dién ngdm. Cac diém
méc phu trum trén khu vyuc thuc nghiém,
dugc xay lya chon va xay dung theo ding
tiéu chi ctia mdc quan tric.

Udc tinh d chinh x4c cua luGi quan
trac:

Phuong 4n 1: Str dung 6 diém méc
thudc ludi khéng ché co so 1am gdc (nhu
Hinh 10). Udc tinh do chinh xac do dac
twong duong hang II nha nudc. Chon sai
sd trung phuong trén 1 tram may = +0.5
mm.

Hinh 11: Uéc tinh lwéi quan tric (Phwong dn 1)

Két qua udc tinh ludi quan tric truong
hop x4y dung ham cé vé ham nhu sau:

- Sai s6 trung phuong trong s6 don vi
m, ==+ 0.50 mm/Tram.

- SSTP d% cao diém yéu nhat: m
=1.14 (mm).
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- SSTP chénh cao yéu nhat: m,, ...,

=0.66 (mm).

Phuong 4n 2: St dung 6 diém méc
thudc ludi khéng ché co so lam gbc
(nhu Hinh 10). Udc tinh d6 chinh xac
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do dac tuong duong hang III nha nudec.
Chon sai sé trung phuong trén 1 tram
may = £1.0 mm.

Két qua udc tinh ludi quan tric
truong hop xay dung ham khong c6 vo
ham nhu sau:

- Sai s6 trung phuong trong s6 don
vim,= =+ 1.00 mm/Tram.

- SSTP d6 cao diém yéu nhat:

my, = 2.28 (mm).

- SSTP chénh cao yéu nhit:

M gm) = 1.33 (mm).
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Hinh 12: Uéc tinh lwéi quan tric (Phwong dn 2)

Két qua udc tinh Iudi quan trdc nhu
sau:

- Sai s6 trung phuong trong sé don vi

m ==+ 1.00 mm/Tram.

- SSTP d6 cao diém yéu nhat:

my 6=+ 2.31(mm).

- SSTP chénh cao yéu nhat:

m ) gy =+ 1.33 (mm).

Nhan xét: Dua trén két qué udce tinh
va yéu cau vé d6 chinh xic theo [6] vé
quan trac lan, ciing nhu tiéu chi d¢ nhay
cua ludi trong viéc phat hién do lan [5]:

+ Truong hop ham c6 xdy vo: Dé
phat hién d¢ Iin mot cach chinh xac, ludi
phat trién dua vao 6 diém gdc thudc ludi
khéng ché co s, dd chinh xac do dac
tuong duong hang II nha nudc nhu theo
phuong an 1.

+ Trudng hop ham khong xay vo: Dé
phat hién do lun mot cach chinh xac, ludi
phat trién c6 thé dua vao 6 diém gdc thude

luéi khéng ché co sd, do chinh xac do dac
tuong duong hang III nha nudc nhu theo
phuong an 2.

* Dung cu do, phwong phdp do

Dé xac dinh d6 1un cong trinh trong
ca hai phuong an st dung may thuy binh
d0 chinh xac cao Ni007, mia inva co gén
bot thuy tron, vach chia dén 0.5 mm.
Trudc khi tién hanh do dac déu tién hanh
kiém nghiém cac diéu kién co ban cia dung
cu do. Sur dung phuong phap do cao hinh
hoc tia ngdm ngan. Sai sé khép vong do
khong vugt qué han sai cua hang II la

Sy = iO.S\/;, n 1a sé tram do.
4. Két luan

Tac gia dua trén cac tinh chét co ly
cta nén dat doan Kim M3 - ga Ha Noi,
tir d6 thyuc hién khéi lwong 16n mé hinh,
xéc dinh dugc ham géc chuyén dich phu
thuoc vao goc ma sat trong , ban kinh
duong ham R va do sau dat duong ham H
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c6 dang nhu sau: =a. +b.R?>-c.R + k.H.
T d6 xac dinh dugc bién d¢ anh huong
trén bé mat do viéc thi cong ham tau dién
ngam gay ra.

Lap duoc phuong 4n thiét ké udi quan
tric Ian bé mit cho ving bi anh huéng. Ludi
co s0 duge ude tinh véi két qua danh gid
do6 chinh xéc dam bdo yéu cau dd chinh xac
luéi hang I nha nude. PG chinh xéc ude tinh
cho ludi quan tric trong trudng hop ham c6
vo tng v6i ludi hang I1, con trudng hop him
khong vo ¢6 d6 chinh xac udce tinh ludi quan
tric tmg véi ludi hang I11.

TAI LIEU THAM KHAO

[1]. D.V. Panphilov (2005). Dy bdo bién
dang bé mat do tac dong cua xdy dung duong
ham tau dién ngam trén co 5o mo hinh hoa
khong gian. Luén én tién si, Matxcova.

[2]. Gusev V.N., Volokhov E.M (2003).
Chuyén dich va bién dang dat da. Trudong Dai

Nghién ciru

hoc Mo dia chét Xanhpetecbua, 83 trang.

[3]. Nguyén Xuén Bic (2012). Du
bdo chuyén dich va bién dang cua khoi
ddt da va trén bén mat dat gdy nén do tic
déng xdy dung dwong ham tau dién ngam &
thanh phé H6 Chi Minh. Truong Dai hoc Mo
Xanhpetecbua, 120 trang.

[4]. Pham Anh Tuén (2006). Lua chon
phirong dn t6i wu xdy dung dwong ham tau
dién ngdm tai thanh phé lon Viét Nam. Luan
an tién si, Matxcova.

[5]. Phan Van Hién, P Ngoc Puong
(2007). Thiét ké téi wu ludi tric dia. 122
trang.

[6]. Tiéu chudn quc gia TCVN
9360:2012. Quy trinh ky thudt xdc dinh do
lun cong trinh ddn dung va cong nghiép bang
phuwong phap do cao hinh hoc.

BBT nhan bai: 23/12/2020; Phan bi¢n xong:
26/01/2021; Chap nhan dang: 29/3/2021

67

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 35 - nam 2021



