| KHOAHOC

(of0] [e] \[e]3]2

SUT LUN MAT PAT TAI KHU VUC PHIA TAY THANH PHO HA NOI,
NGUYEN NHAN VA GIAI PHAP XU LY

Vii Ngoc Binh, Vuwong Xuian Huynh
Vién Thuy cong

Nguyén Vin Binh

Truong Dai hoc Tai nguyén va Moi truong

Tom tit: Két qua nghién ciru vé cau tric dia chat, dic diém va co ché hinh thanh cdc hé sut tai
khu viee phia tay Ha Ngi da xdc dinh dwoc nguyén nhdn gay sut lin bé mat dat. Bai bdo ciing phdn
tich nguyén nhan gdy sut lin tai xd Quang Bi huyén Chwong My, thanh phé Ha Néi tir d6 dwa ra
gidi phdp xir Iy nham 6n dinh ho sut va an toan cho cdac hé dan xung quanh, khuyén nghi cho céng
tac khdo sdt dia chat va khoan khai thac nuée dwdi dat trong viing karst.

Tir khoa: Cdu tric dia chdt, sut 1Gn mat dat, hang karst, nieéc ngam, gigi phap xi Iy.

Summary: The results of reseach on geological structure, characteristics and forming
mechanism of sinkholes at western area of Hanoi have identified the cause of land subsidence.
The article also analyzes the cause of subsidence in Quang Bi commune, Chuong My district,
Hanoi city, then offers solutions to stabilize the sinkholes and safety for the surrounding
households, recommendations for work investigation geological and drilling underground water
in the karst region.

Keyword: Geological structure, subsidence ground, karst cave, underground water, processding
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1. PAT VAN DE

Khu vyc phia tay thanh phé Ha Noi bao gom
cac huyén Qudc Oai, Chuong My va My Puc
duoc thanh tao bdi cac trAm tich Holocen,
Pleistocen phu 1én chu yéu 13 cac trAm tich
Cacbonate (d4 voi) thuoc hé ting Pong Giao
(T2adg) va Na Vang (P.nv). Véi dic diém 1a
loai da c6 tinh chat d& hoa tan, qua trinh phong
hoa va cac hoat dong kién tao da 1am cho tﬁng
da nay bi nut né manh, trong da thuong chua
cac hang hdc karst.

Hién tuong syt lin da xay ra & nhiéu noi tai khu
vuc phia tay thanh phd Ha Noi, phan 16n do tac
dong cua cac hoat dong cua con ngudi nhu khoan
giéng ldy nudc, xdy dung cong trinh, khai dao.
Mot s6 it cac hd sut xay ra do tac dong cla trong
luong ban than khdi dat gay ra. Nhiéu vu sut lan
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da pha hity gay anh hudng nghiém trong dén tai
san cta nhan dan trong khu vyc. Viéc xac dinh
dugc cac nguyén nhan gay sut lin va tim giai
phap khic phuc nham giam thiéu nhiing thiét hai
can duogc nghién ctu.

2. PAC PIEM PHAN BO TRAM TiCH PE
TU KHU VU'C PHIiA TAY HA NOQI

Dic diém tram tich Pé ta khu vyc phia tdy Ha
Noi dugc phan bd boi cac tram tich theo quy
luat tir hat min dén hat tho, trai qua cic qua
trinh ldng dong tram tich theo cac thoi ky tir
Holocen dén Pleistocen v4i cac hé tang Thai
Binh, Hai Hung, Vinh Phac va Ha Noi. Két
qua nghién ctiru di phan chia ciu trac nén tai
khu vyc phia tat Ha Noi thanh cac kiéu sau

[2]:
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Kiéu 1: sy c6 mat day du cac tram tich Holocen

va Pleistocen bao hom cia cac hé ting Thai
Binh (aQ2’tb), Hai Hung (bm, amQz!?hh),
Vinh Phuc (aQ:%vp) va Ha Noi (ap, aQ123hn)
phu 1én trAm tich cacbonat 1a da voi thudc hé
tang Na Vang (Ponv). Kiéu 1 phan bd tai cac
khu vye Cén Hitu, Liép Tuyét huyén Qudc Oai,
cau song Tich va mot s6 khu vuc trén tuyén dai
10 Thang Long, thi trAn Chuc Son, huyén
Chuong My.

Kiéu 2: phan bd cac trim tich Pleistocen gom
cac tram tich cta hé ting Vinh Phuc bao gém
tram tich 10ng séng gom cat hat thdé mau nau
vang va sét 1an san nho (aQ:%vp) va sét bot dén
cat mau nau vang, nau do 1an san ngudn gdc
séng — 1i caa hé tang Ha Noi (apQi23hn) phu
lén da voi cua hé tang Pong Giao (T.adg) va
Na Vang (P2nv). Kiéu 2 phan b & khu vyc phia
tay huyén Qubc Oai, Miéu Mén (My Pirc), khu
vuc cac xa Hong Van Thuy, Théng Nhit, Dai
Yén, Dai Bong, Phii Nghia huyén Chuong My.

Kiéu 3: gém cac trAm tich bot sét dén cat hat
nho cua hé ting Thai Binh (aQ2%tb), sét bot dén
cat hat nhé mau xdm nau cia hé ting Hai Hung
(m, bm, am Q2'?hh) va sét bot dén cat hat tho
mau xam vang cua hé tang Vinh Phuc (aQ1%vp)
phua khong chinh hop 1én d4 voi hé ting Pong
Giao (Toadg).

Kiéu 4: gém cac tram tich sét, bot dén cat hat
nhd mau x4m nau cia hé ting Thai Binh
(aQ2%tb), sét bot ¢ mau loang 16, bi laterit hoa
dén cat hat thd vira mau xam vang, 14n san soi
cua hé tﬁng Vinh Phuc va sét bdt mau nau vang,
nau d6 dén cat cudi soi thudc hé ting Ha Noi (a,
apQ1223hn) phii khong chinh hop 1én d4 voi cia
cac hé tang Pong Giao (T.adg) va Na Vang
(P2nv). Kiéu tram tich nay phan bb tai khu vuc
phia tdy huyén Qudc Oai, huyén Chuong MY,
mot phan khu vuc xa Pong Tam, huyén My
buc.

Bang 1: Pic diém tram tich d¢ tir khu vue
phia tiy Ha Noi [2]

Tudi

MO ta tram tich

aQ2%tb

Tram tich bai boi, hé tang
Théai Binh: Sét bot, bot sét
dén cat hat nho, hat min mau
xam nau, vang nhat

szl'Zhh

Tram tich bién, hé tang Hai
Hung: Sét mau xam xanh,
déo, min

bmQ22hh

Tram tich dam 1ay ven bién,
hé tang Hai Hung: Sét bot,
bot sét chira vat chat hitu co
mau xam, den

amQ2'?hh

Tram tich song- bién, h¢ tang
Hai Hung: Cat hat nhd, min
vira mau xam, nau xam

aQ13vp

Tram tich song, bai boi, hé
tang Vinh Phiic: Sét bot co
mau loang 16, bi laterit hoa
dén cat hat tho vira mau xam
vang, 1an san sdi.

Tram tich séng-1{i, hé tang Ha
Noi gébm: Tap 2 - Cat mau
nau vang 14n san nho; Tap 3:
Sét bot mau nau do, nau vang
14n san.

Tram tich long song, hé tang
Ha No6i: Cuodi soi lan cat hat
tho vira mau xam vang

P4 voi hé tang Pong Giao

Da voi hé tang Na Vang

HT-adg

4

-
)

GA-No G4-TC7T  G4-TI G4-TC1

Hinh 1: Mt cdt tram tich Bé tir khu viee hé
Quan Son - My Duc [2]

Vi nhitng khu vuc c6 cAu tric dia chét phia
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trén c6 chira ting cat min b roi aQ2%b va tang
dat yéu am Q2'?hh, phia dudi 1 ting da voi nirt
né rat manh, c6 chira hé thong hang karst ngam
(Toa dg) hoac Na Vang (P2nv) thi kha nang gay
sut lan mat dat khi khoan khao sat hodc khoan
khai thac nuéc ngdm d& xay ra.

3.NGUYEN NHAN GAY SUT LUN MAT PAT
3.1. Lun sut do tdi trong ban than

Khu vuc cac hang hbc karst nim nong, phia trén
la cac lop bdi tich hodc dat tan tich, qué trinh
van dong ciia nudc dudi dat di tao thanh cac
hang, cac hang nay bi rira trdi tao thanh céc
hang rong, vom hang da bi bao chi con lai 16p
da voi rat mong, hodc 1a 16p sét tan tich phong
hoa. Dudi tdc dung cua tai trong ban than cia
cac lop d4t mat hoac lyc tac dong rat nho tir phia
trén cling gy sdp mai vom cua hang karst tao
thanh hé sut trén mit dat.

-5 ¥ s

Hinh 2: Hé sut tai Xuy Xd, My D,
Ha No¢i (2019) [5]

3.2. Khoan khai thic nuwéc ngam

Mot s6 khu vure da xay ra sut 1an mat dat tir nam
1993 dén nay do khoan khai thic nudc ngam
kha pho bién tai cac huyén nhu Qubc Oai, My
Puc. Tai Qudc Oai dd xay ra & thon Yén Noi,
x4 Pong Quang (1993, 2006), thi tran Qudc Oai
(2008), xd Yén Son, Liép Tuyét (2014); Tai My
Pirc: thon Phu Lién xd Hop Puc (2006), thon
Thuong, xa Xuy Xa, thon Ang Ha xa Lé Thanh
(2011), thon Lé X4&, xa Lé Thanh (2014). Pac
diém cua cac hd sut nay 1a c6 duong kinh 16n tir
vai mét dén 20-50m, sau tir Imét dén 5-6m. Cac
hé sut déu khoan dén do sau tir 40 dén 60m vao
tang d4 voi nit né gdy mat nudc va sut ln.
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Nguyén nhan gay ra cac hd sut tai khu vuc nay
déu duogc danh gia 1a do lién quan dén cac hang
karst ngam dudi long dat.
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Hinh 3: Ho sut tai xom 16 thon A’ng Ha,
Lé Thanh, My Duc

3.3. Xay dung cong trinh

Qua trinh xay dung cong trinh do chét tai 16n
dan dén syt lun mat dat gdy hu hai cong trinh
nhu tai thén Hoa Lac, x3 An Tién, huyén My
Puc (2019), hé sut c6 chidu dai khoang 25m,
rong 20m, sau 4-5m, nudt troi tﬁng 1 can nha
dang xay dung [4]. Nguyén nhan dugc danh gia
lafg do tai trong cong trinh khi xay dung da tac
dong xudng dudi 10ng dat noi c6 hang rong lam
sdp vom hang karst.

Hinh 4: Hé sut do xdy dung nha tai My Pirc

4. PHAN TiCH NGUYEN NHAN SU CO
LUN SUT TAI XA QUANG BI, HUYEN
CHUONG MY VA DE XUAT GIAI PHAP
XU LY

4.1. Sw ¢6 sut lan tai xa Quang Bj

Vao 9h ngay 6-4, gia dinh 6ng DPing Dinh
Nham séng tai thon 2, xa Quang Bi da khoan
giéng iy nuéc ngam phuc vu sinh hoat. Khi
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khoan dén d6 sau khoang 40m, gip tang d4 gbc
va rat miii khoan 1én dé lap dat két cdu giéng
khoan dén khoang 16h bit dau xay ra hién
tuong sut lun dat. Ban dau hd sut c6 dién tich
khoang 30m?, dén 16h ngay 7/4/2021 di ting
lén, voi chiéu dai khoang 15m, chiéu rong
khoang 6-8m, chiéu sau 5m. HS sut d3 “nudt”
tron gian khoan, cudn theo ca bé nuéc ngdm va
cay loc vung cao 6m, cOt dién bi kéo tut xuéng
dudi. Khu vuc mi¢ng hd nam trude mat tién 3
cin nha (mot ting, ba ting va nam tang) va bi
moi dat syt [un vao phin moéng trude nha din
dén bi tro, gly mong, mat duong gan hé ciing
xuat hién nhiéu vét nit.

. . -

Hinh 5: H6 sut tai xd Quang Bi,
huyén Chuwong My (thang 4/2021)

4.2. Nguyén nhan gay sut
Co ché sut lin do qua trinh khoan:

- Khi khoan vao tang dat yéu, cat hat min bo roi
c6 luc dinh két thp, dé bi rira tréi, dung dich
khoan rira tré61 mot phﬁn tram tich hat min, dat
yéu va tao ra khoang rdng trong nén dat, ban
dau kich thudc khoang rdng con nho, chua gay
ra lun - sut.

- Khi miii khoan cham vao tang da voi nat né
manh (c6 thé c6 hang karst ngdm), phan 16n
dung dich khoan (nudc rira) mang theo cac vat
liéu min, bd ro1 bi hat manh vao trong cac khe
nut va hang karst ngém tao ra su chénh léch vé
gradient thity lyc kha 16n. Toc do rira troi vat
liéu ting nhanh, khoang réng trong dt duoc mo
rong hon, vom ctia khoang rdng trong tang phu
mé rong dan vé phia mat dat.

- Khi vom cua khoang réng dugc mé rong,
chitu day cua ting pha phia trén
vom cua khoang rong bi giam xudng, khi d6 luc
dinh két, do bén cua tﬁng trAm  tich
phia trén giam xubng téi mic thap nhat, trang
thai cdn bang gita d0 bén va luc pha
hoai bi phd v& va hién tuong lin sut xay ra voi
tdc d6 nhanh.

Nhu vdy ban chit ctia qua trinh lan - syt 1a do
qua trinh rira tréi vat liéu min trong cac ting
tram tich hat min, bo roi tao ra cac khoang rong
trong dét va két qua gy pha hity tang phu phia
trén ctia khoang rong. Khe nirt (hodc hang karst
ngam) dong vai tro 1a dudng dan va noi chira
cac vat liéu min da bi dong nudc rira troi khoi
vi tri ban dau tir phia trén chuyén xudng. Hién
tuong lun-sut s& khong xay ra néu nhu khong
¢6 duong din (hd khoan, cac khe nut, hang
karst ngam) va di chuyén vat liéu min ra khoi vi
tri ban dau.

Cau truc dia chat vi tri sut lun

Theo két qua mo ta dia tang trong qué trinh khoan
giéng va diéu tra cac giéng khoan ndng 1an can. Dia
tang vi tri sut lin dugc mo ta nhu sau:

Bang 2: Pia tang vi tri ho sut tai xa Quang Bi

Do sau Mo ta
0,0-3,5 | Pit dip nén duong: cat lap,
base, subase...
3,0-21,0 | Sétpha, cat pha, cat hat nhd, hat
min
21,0- 21,3 | Pét sét cung - laterit
21,3-37,0 | Cét hat tho (khoan bi mat nu6c)
37,0 - 40,0 | Sét xam vang
>40 D4 v6i phong hda nirt né manh

Nhu vay, v6i cdu tric dia chat nhu trén ta thay:
phan trén dén d6 sau 37m da phan 1a cac trim
tich hat roi, c6 sttc khang cit nho, tir 3-21m Ia
céc tram tich thudc hé ting Théi Binh (aQ2%tb)
gdm (cat, cat pha, sét pha). Do qua trinh khoan
khong chdng 6ng ciing nhu khong c6 dung dich
giit thanh nén cac 16p dit hat roi ciing da bi pha
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hay ¢ xung quanh thanh hé khoan. Khi khoan
dén do sau 21m, gap mot 1op dét sét dang laterit,
c6 thé 1a tram tich thudc bé mit cua hé ting
Vinh Phiic (aQ:%vp). Tir 21,3 dén 37,0 qua trinh
khoan bi mat nuéc, c6 thé da khoan vao tang cat
hat tho 13n san soi, qua trinh nay da lam moi dat
phia trén va van chuyén mot phan xudng ting
cat thd nay va di tao thanh vom rong & phia
trén. Khi khoan dén do sau 40m vao tang da voi
ntt né c6 muc nuéc ngam kha sau (khoang 45-
50m) [2], véi ap luc nude phia trén va cac vat
lidu roi da bi pha hay s& bi hat toan bo xudng
tang da nit né (co thé c6 hang karst 1lam cho
vom r5ng phat trién rong hon, do bén cua 16p
dat bé mat giam, vom rdng tiép tuc phat trién va
lan rong dén khi lyc can bang giira két cau cac
16p mit dudng bi pha hity gay sut lun bé mit.

Ho sut

Cit l4p - nén duding

= Ldp dat hat i bi moi
rong khi khoan mét nude
xuéng 16p dat hat tho

Ladp dit lateit

1 Ldp hat thé 1in san
501, khoan mét mr6e

Lap sét
BNE 0= -1 D4 voi mit né manh
e = = chia hang karst

Hinh 6: M6 phong qud trinh gdy sut dat
0 xda Quang Bi, huyén Chuwong My

4.3. Giai phap xir Iy sw ¢6

Pé xtr Iy h sut va nén rdng hé sut, don vi tu
van di chon giai phap khoan phut vira xi ming
két hop bentonite v6i s6 lugng 41 hd, khoang
cach cac hd 1a 2.0m nham tang cudng do va lap
day céac vi tri con bj rdng, dong cing khu virc
hé sut, ting kha nang chéng tham va chiu luc
ctia dt nén sau khi da bi bién dong. Giai phap
nay vira c6 tac dung gia ¢ vira c6 tac dung kiém
tra do rong cua nén, vi khi bi réng luong mat
vira xi mang s€ 16n hon binh thuong, vi vay
hoan toan c6 thé phat hién va dién day cac 16
rdng trong nén, qua trinh phuyt vita can giam sat
mot cach chat ché.

| KHOAHOC
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Hinh 7: So d6 bé tri khoan phut tai hé sut
tai xa Quang Bi, huyén Chuong My

Vit liéu 1ap hé sut duoc lya chon 1a da 1x2, day
vira 1a vat liéu loc, c6 do bién dang thép, dac
biét khi két hop khoan phut s& tao khéi cimng,
gitp giam 1an va bién dang khi c6 tai trong xe
va hoat tai phia trén. Tiép dén chiing t6i st dung
2 16p vai dia k¥ thuat gia cd c¢6 cudong do
150kN/m, loai vat li€u nay vira ¢6 tac dung loc
va con tac dung phan b déu tai trong phia trén
xudng nén.

V61 mong cua nha dan da bi tro ra, hd toan bo,
dé ¢am bao an toan khong bi do sp trong qua
trinh thi cong xr 1y hd sut can dat cac thanh thép
1250 chéng xudng nén, va bom vita xi ming
nham ctmg héa nén dudi cac thanh thép 1250
chéng d&. Sau d6 thi cong lai ranh tiéu nude va
via he bi hu hdng. V61 méat duong da bi nirt dam
phia ngoai h6 sut, nhim dam bao an toan s& lam
lai toan bo két ciu mat duong nhya trong pham
vi dai 26.0m.

AT

2 CpE—
=
j—

Hinh 8: Mdt cdt ngang xir Iy hé sut tai
xa Quang Bi, huyén Chwong My
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* Cdc bwdc thuec hién xi 1y ho sut

+ Budce 1: b6 da 1x2 lép hé sut, ddm chat dén
cao trinnh + 6.83. Bom vita xi mang gia co
mong cac nha dan, dung 1250 chong cac vi tri
xung yéu cua ba hd dan tai vi tri sut lun;

+ Budce 2: Tién hanh khoan phut vita xi méing-
bentonite (ham lugng 150kg xi mang + 50kg
bentonite) gia co ho sut va nén ho sut;

+ Budc 3: Sau khi gia c¢b nén xong, tién hanh dip
tiep va trai vai dia ky thuat gia cuong so 1 (cudng
do 150 kN/m), neo vai sau vao trong vach ho sut

+ Budc 4: Thi cong ranh tiéu nudc mua cia
duong giao thong;

+ Budc 5: D6 da base dén cao trinh +7.18, trai
vai dia k¥ thuat gia cuong so 2;

+ Budc 6: Db da base dén cao trinh thiét ké nén
dudng. Sau d6 thir tai khoang 30 ngay;

+ Bude 7: Thi cong lai bo via, via hé va mat
duong nhya bi hu hong trong pham vi dai 26m;
+ Budc 8: Sau khi hoan thién cac khau xur ly.
Tién hanh theo doi, quan tric tai vi tri hd sut
trong vong 12 thang.

5. KET LUAN

Két qua phan tich cac nguyén nhan gay sut lin
mat dat tai khu vuc phia tdy thanh pho Ha Noi

chu yéu nhu sau:

- Cau truc dia chit phia trén 1a cac trdm tich bo
ro1 nhu cat pha, cat hat min hodc 16p dat yéu, co
sttc khang cit nho; phia dudi phan bd 16p da voi
thudc hé tang Pong Giao (T2adg) hodc Na Vang
(D2nv), day la loai da bi nit né manh, c6 tinh
hoa tan, trong da chira nhiéu hang héc karst c6
muc nude ngam trong tang da voi ndm sau.

- Céc hoat dong xay dung cong trinh nhu xay
nha, dudng x4, cau cong lam ting tai trong dan
dén sdp vom hang.

- Do khoan khai thac nu6c ngam: di moi dat tir cac
tram tich hat roi phia trén xudng tang da nut né phia
dudi tao ra vom rong gay sut lin bé mit.

Khuyén nghi:

- Véi vung hoat dong karst nhu khu vyuc phia
tay Ha Noi can giam sat chat ché cac cong tac
khao sat dia chét truc khi xay dung cong trinh
dic biét cong tac khoan giéng trong cac ho dan
vi d4 xay ra nhiéu su ¢6 sut lan lién quan dén
khoan khai thdc nudc ngam giy hu hai cong
trinh.

- Khuyén cac cac ho dan chi khai thac nudc
trong tang nong, tram tich cat Holocen (d6 sau
nhé hon 20m) tuyét ddi khong khoan khai
thac nudc trong tang da voi co chira cac hang
héc karst.
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