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1. Mé dau

Khu vuc quan Ha Dong, trude khi sat nhdp Ha
Tay vao Ha Noi la thanh phé Ha Dong véi sy mo
rong theo quy hoach d6 thi Ha Béng. Khu vuc nay,
vé mit dia 1y, 1a sy chuyén tiép giita ddng bang va
viing ban son dia phia tdy bac Ha Noi. Pay ciing la
ranh gi¢i qua trinh bién tién thoi ky dau va giita
Holocene. Bé’mg ching 1a sy c6 mat trong mat ct
dia chat hé ting dat yéu IbmQ,'*hh hodc abQ," hh.
Mot vai 16 khoan con bét gip 16p sét cua tram tich
thuan bién cuia hé tang Hai Hung. D6 thi Ha Pong
gdm ca mdt phan luu vyc hai song Pay va Nhué
chay qua theo hudng bic nam gan bién phia dong
va tiy khu vyc. Vé dia hinh, ving phia nam va
dong nam cua luu vyc song Pay va song Nhué cod
dd cao dia hinh 4-5m, tham chi 3-4m. Trong khi
d6, ving phia béc c6 dia hinh cao 6-8m. Trong mot
pham vi hep ctia dong bang, ¢ sy chénh léch 16n
dia hinh 12 do nhiéu nguyén nhan. Thir nhat, do
hoat dong sut 1Gn gay ra bdi hoat dong tan kién tao;
thtr hai do sy bd cap khong déu phu sa cua song
Hong va song Pay thoi ky chua ¢6 dé; Thir ba, do
qua trinh cd két l6p dat yéu; Thir tu 1a sy tac dong
ctia hoat dong kinh té nhat 1a xay dung lang x6m,
d6 thi va khai thac nuéc ngam. Hién nay, khai thac
nuée tdp trung cung cép cho Ha Péng thudc hai
nha may: Nha may tai trung tim Ha Pong gom 8
giéng v6i cong suat 16000 m’/ng.d va nha may
nudc tai Ba La gém 8 giéng vai cong sudt 20000

m’/ng.d. Cong suét ndy ngay cang gia tang la mdi
lo ngai 1am mét can bang ngudn nudc va giy bién
dang mat dét [3].

Ngay tir dau thap ky 90 cua thé ky trudc, hién
tugng 1an mat dat do khai thac nuéc ngam tai Ha

Noi da dugce Iuu y boi nhiéu nha khoa hoc nhu Lé
Huy Hoang, Nguyén Dirc Tam, Tran Vin Hoang,
Nguyén Huy Phuong, Poan Thé Tuong,...[1, 2, 4,
5]. Ha Néi 1a mot trong cac Vung ton tai cac tram
tich ven bién, cac tram tich ho dam lay kéo dai tir
Pleistocene trd lai ddy, dic biét vao thoi ky dau va
giita Holocene. Nudc dudi dat duge trit va bo cip
boi cac tang chita nudc c6 thanh phan thach hoc tir
cat dén cudi soi. Cac ting nudc nay hau hét 1a nude
co ap va myc nudc co ap dang cao qua cac tang dat
yeu Su ha thap nudc ngam di tao ra hi¢u Gng tha
cép gay bién dang céc 16p dat dinh yéu va gay bién
dang chung khu vuc. Ha Dong va cac vung lan can
cua Ha Tay cii ciing nam trong mét xich nay nén
khi khai thdc nudc ngdm qua mirc ma khong duge
bd cAp kip thoi s& khong tranh khoi bi bién dang
mat dat.

Két qua quan tric tai cac tram do lun mat dat tai
Ha Noi cho théy, nhitng tram c6 ton tai 16p dat yéu,
tbc d6 lin bé mat dat twong d6i 1on nhu Thanh
Cong la 41,42 mm/nam, Ngé Sy Lién 31,52
mm/nam, Phap Van 22,16 mm/nam,... Nhitng tram
khong ton tai 16p dat yéu co téc do lun bé mat nho
nhu Ngoc Ha 1a 1,80 mm/ndm, Mai Dich 2,65
mm/nam boéng Anh 1,41 mm/nam. Nhung tram co
vi tri gan song Hong ¢6 d6 lun bé mat dat nho hon
vi muc nudc ngam dugc nudc séng bu phu mot
phin nhu Lwong Yén 18,83 mm/nim, Gia Lim
10,33 mm/nam.

St dung phuong phap trong co hoc dat dé tmh
toan bién dang mit dit do khai thac nuorc ngim
hay cong trinh xdy dyng chi thu dugc s0 lidu cho
timg diém riéng biét, [2]. Phuong phap phan tir
hitu han (PPPTHH) duoc ap dung cho phép tinh
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todn bai toan 16n voi sy tich hop nhiéu dang tai
trong. Tai d6 thi Ha Pong chung t6i da giai cho bai
toan hai chiéu, mot chiéu doc theo mat cit dia chét
cong trinh tir Chiic Son dén ranh gi¢i Ha Noi cii
(khoang 11 km), chiéu sau dén ting da cimg, dugc
coi 1a khong bién dang. Nhu vay lan dau tién &

Viét Nam, bai toan dia co hoc trong khu vuc 16n
duoc md hinh hoa va tinh toan béng phuong phéap
toan hoc. Két qua bai toan nay cho phép théy 0
bién dang cua mat dét do hoat dong kinh té, cu thé
la hé thong cong trinh xdy dung va khai thac
nude ngam (hinh 1).
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Hinh 1. Mét cat dia chét cong trinh dd thi Ha Doéng tir Tric Son vé ranh gi¢i Ha Néi cii

2. Piéu kién dia chit cong trinh va bién dong
nudc ngam khu vue

Ta c6 thé thﬁy so lugc didu kién dia chét cong
trinh khu vyc qua mat cit doc di tir Chuc Son dén
bién giéi Ha Noi cii. Mo ta theo dia tang, tir tré dén
cd, trong d6 chi ti€u vat 1y co hoc dugc cho phuc
vu cho bai toan 1ap 1én sau nay.

L6p 1, hé tang Thai Binh bao gdm hai phy 16p:

- Phy hé ting Thai Binh trén - 16p 1a (aQ,’ tby).
Cac thanh tao aluvi ngoai dé dang bai bdi, hang
nim duoc bd sung lugng phu sa cac song. Thanh
phan cling rat da dang tur sét pha - cat pha - cat
min. Trang thai cia dit dinh chu yéu tir déo ctng
dén déo tuy thuoc do sau phan bd. Ngoai ra, con
gip & ddng bang trong dé cac thanh tao hd, dim
lay, vét tich cua cac 1ong song cd. Ching 14 cac hd
moéng ngua (song chét) sau bi ddm ldy hoa, phan
b6 rai rac véi dién tich han ché. Lép 1a chi yéu sét
pha-cat pha hé ting Thai Binh trén trang thai déo -
déo cung: W(%) = 28,8; vy, = 1,91 (T/m’); e, =
0,831; E=451,6 (T/m?); v=0,3.

- Phy h¢ tang Thai Binh dudi - 10p 1b (aQ,’
tb;). Tram tich hé tang dudi co nguon gde aluvi
phan bd rong rdi & bé mit ddong bang trong dé.
Thanh phan rat da dang, gdm cac tip v6i thanh
phan thach hoc khac nhau tir sét, sét pha, cat pha.
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Tuy nhién chii yéu van 14 tap sét - sét pha trang thai
tr déo cung dén déo mém. Tram tich cua phu hé
tang Thai Binh dudi phu 1én cac tram tich ¢6 hon,
tir cic tram tich hé ting Hai Hung, c6 noi phii truc
tiép 1én hé ting Vinh Phuc. Chiéu day bién ddi tir 5
dén 25m. Doc theo hai bo cia con song khu vuc
nghién ctru, tram tich nay bi phi boi trim tich cua
phu hé ting Thai Binh trén. Lép 1b chii yéu sét -
sét pha hé tang Thai Binh dudi trang thai déo - déo
mém: W(%) = 28,9; v, = 1,89 (T/m’); e, = 0,853; E
=457,1 (T/m ); v=0,3.

Lop 2, trim tich hé ting Hai Hung bao gdm hai
phu 16p:

- Phy h¢ tang Hai Hung trén - 16p 2a (abQ,"”
hh3) Cac thanh tao tram tich phu hé tang nay co
ngudn gbc song, dam liy sau bién tlen dugc dic
trung boi sét, bot sét, co it cat, sét cat mém nhao cd
thuc vat, mau nau den, xam den, chiéu day 0,5 -
18m. Lép 2a chu yéu sét hé tang Hai Hung trén
trang thai déo mém dén déo chay: W(%) 35,9; Yu
= 1,77 (T/m’); ey=1,075; E =295 .3 (T/m’); v=0,3.

- Phu hé ting Hai Hung duéi - 16p 2b (IbmQ,'™
hh;). Céc thanh tao tram tich phy hé tang Hai Hung
duéi c6 ngudn gbe hd - ddm ldy ven bién. Phy hé
tang dwoc dic trung boi cc tan tich thuc vat 1an
sét cat hoac sét bot, sét cat co chira tan tich thuc vat
mau xam den thudng goi 1 than bun. Dt thanh tao



chu yéu 13 bun sét xam tro, xam den c6 13n nhiéu
thuc vat. Pay 1a loai dét gy bat lgi cho cong trinh.
B& day cua phy hé ting dudi nay dao dong tir 2 dén
6 m. L6p 2b chu yéu 1 bun sét va bun sét pha hé
tﬁng Hai Hung dudi trang thai déo chay dén chay:
W(%) = 73; vy = 1,47 (T/m’); ey =2,096; E = 156,9
(T/m*); v=0,3.

Lé6p 3, trAm tich hé tdng Vinh Phic (aQ1 vp),
tram tich ny bi phu béi cac thanh tao trAm tich c6
tudi Holocene. Nhin chung, céc thanh tao tram tich
co nguén gbc aluvi hé tAng Vinh Phuc gém 2 phan:

- Phan dudi g@)m: San so6i, cudi nho, thach anh,
silic, trong d6 cat san soi chiém uu thé véi kich
thudc hat trung binh.

- Phan trén gom: Sét bdt lan cat, cat sét mau
xam, xam trang nhiem sat c6 mau loang 16.

V& mat dia chét cong trinh, khong phan chia
cac 16p chi tiét ma tap trung lai thanh 16p c6 thanh
phin tir sét, sét pha va 16p bao gém cat ¢ 1an cudi
soi. Dt dinh c6 trang thai déo cimg dén cimg, dét
roi ¢ trang thai chat. Chi tiéu vat ly co hoc hé tﬁng
Vinh Phuc khong phan chia véi E = 20000 Kpa

Lop 4, hé tﬁng Ha Noi, & dong bang song Hong
dugc xép vao tudi Pleistocene giira - trén. Tram
tich hé tAng Ha Noi phu bt chinh hop 1én hé ting
Lé Chi va bi hé ting Vinh Phuc phu bat chinh hop
lén trén. Chiéu day ciia hé tang thay doi tir 5 dén
30m. Thanh ph?m thach hoc cta cudi 1a thach anh,
da silic, da cat két tham chi c6 ca cudi ciia da phun
trao. Mau sic cua cudi khong ddng nhit, nhiéu
mau, phy thudc vao thanh ph?m thach hoc cua cudi.
Vé mit tuéng duge xép vao tudng aluvi - proluvi
hodc aluvi mién ndi c6 nghia la ngudn gbc trim
tich hé ting Ha Noi 1a song va song - 1t hodc song
mién nui.

L6p 5, hé ting Lé Chi (aQ,lc) gdm cudi, chu
yéu c6 thanh phin thach anh, silic, d4 hoa, s6i 1an
cat bot sét thudc tudng long séng Vung chuyén
tiép. Ching c6 mau xam néu, xam xanh, tring duc,
xam luc. Cudi ¢6 kich thudc trung binh 3 - 5cm, do
mai tron t6t dén rat tét, do cAu tir trung binh dén tt
song d6 chon loc tir trung binh dén kém. Trén tap
cudi sdi nay la cat hat nhd, mau xdm vang, d6 chon
loc va mai tron tdt, thanh phan thach hoc chu yéu

la cat thach anh, ngoai ra la cac manh d4 silic, rat it
felspar va khoang vat nang.

L6p 6, hé tAng Vinh Bao; dit da trdm tich
Neogen hé téng Vinh Bao g@)m: cuoi, soi, san két
mau xam sang phdt xanh, mém bo hodc rin Chéc,
bot két, cat két mau xam xanh, xam tring kha rin
chic, gén két tbt xen k& v6i cac 16p cat bot sét gén
két yéu, mau xdm vang dd chon loc tir trung binh
dén kém. Do chua c6 tai liéy 16 khoan chua hét dét
da Neogen nén quan h¢ dudi chua rd; quan h¢ trén
bi cac tram tich Pé T, chinh xac la cac thanh tao
Pleistocene dudi hodc Pleistocene gitta-mudn phu.

Lop 7, dit da hé tang Vién Nam (T,vn ), chu
yéu 13 d4 phun trao 1a basalt porphyr, plagiobasalt
andezito - basalt mau xam xanh, xam den, xam luc
va tuf ctia chung.

Dong thai nude ngﬁm khu vuc chiu anh hudng
chu yéu do thoi tiét va sy khai thac nude sinh hoat,
boi khai thac nudc tai nha may Ha Pinh qué 16n
nén dao dong muyc nudc ngém vo1 su khai thac
nudc cua hai nha mady Ha Péng va Ba La chi la
phu. Hinh 2 chi ra dong thai myc nudc ngdm trong
ting Pleistocene tai Ha Pong va Ba La (Q69a -
vung Ba La va Q68b - viung ndi thi Ha Bong).

P
5 o %
y: 2
CR T -
g
g
5 70 Py
g
3
& o0 4
110 %
—+—Q€8b Q6% ’”\&
130
31993 371996 371999 372002 342005 32008
Thit gan

Hinh 1. Sy sut gidam muc nwéc ngam theo thai gian tai
Ha Bdng

bd thi thé hién sut gidm muc nudc ngﬁm trén
mat cit dia chét cong trinh & hinh 1. Sy sut giam
muyc nudc ngim gia ting vé phia dong noi c6 nha
may nudc Ha Dinh dang khai thac voi luu lugng
rat 1on. Trén d6 thi hink 3 1a duong mat dat véi do
siu muc nudc ngam tuong tmg duoc tinh toan dy
bao dén nam 2020.

31



15

H (in)

5

0
]
-10
-15
-20

Nugengam

6 8 10

Km 12

Hinh 2. Sut gidm nwéc ngdm theo dy béo dén 2020

3. Lap bai todn, cac diéu ki¢n bién va méi truong

Bai toan dugc thiét lap voi cac diéu kién bién
va moi truong nhu & mit cat dia chit cong trinh
hinh 1. Céac diéu kién vé luc s& duoc bd sung theo
thuc t& d6 thi hoa va muc do sut giam muc nudc
ngdm. Chung ta c6 hai bai toan: Xay dung hé
thong cong trinh trén mat dét (truong hop 1) va su
sut giam muc nuéc ngdm cho dén niam 2020
(trudong hop 2).

C4 hai bai toan duoc giai voi cac diéu kién bién
nhu sau:

- Tang Ha Noi va L¢ Chi tiép xuc v6i dét da he
tang Neogen hoidc hé tang Vién Nam, duoc coi 1a
g0i tua cliing co chuyén vi bang khong ca hai chiéu.

- Phan bién bén phai cua bai toan dwoc mé rong
ra v cung theo mo6 hinh gidi cta bai toan. Tai cac
bién nay gdi twa ctng chi can tré chuyén vi theo
phuong ngang, con phuong dung tu do theo bién
dang cua cac 16p dat.

Diéu kién chiu lyc, v6i luc tac dung trén bé mit
la céc cong trinh xdy dung dan dung. Cac Cong
trinh c6 thé 1a cum cong trinh v6i cac nha cao tang
lién ké dugc ngan cach béang cac phd nhanh. Vi cac
cong trinh 16n déu lam coc nhdi xubng tan tang
cudi s6i nén ta chi tinh cho cic cong trinh xay
dung dan cu ¢& 5 ting tré xuéng. Mit 36 toan do
thi xay dung theo thiét k& quy hoach 1a 0,14. Tuy
nhién tai cac phé, mat do xay dung xép xi 1. Muc
nudce song Pay dugce léy voi d6 sau la 5,55m, song
Nhué muc nude voi do sau 3,25m.

Nha 5 ting dugc xiy dung hién nay theo tinh
toan trong luong 1én t6i 175,9 tan trén dién tich
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50m’. Nhu vay, néu theo méng bé thi trong lugng
don vi 1a 3,518 T/m’ bang 35,18 Kpa.

Bai toan chiu tac dong cua lyc trong luc phu
thém do muc nudc ngam suy giam. Vi trong luong
ban than cua dat ddy noi 1a yy,-1, nén khi myc nude
ngdm rat xudng, phan trén myc nudc ngim trong
Iugng ban than 12 y,;,, nén trong lugng ban than phy
thém s€ 1a 1.

Hinh 4 cho so d6 hai bai toan co ban véi cac
diéu kién bién, diéu kién lyc va diéu kién mdi
truong nhu phan tich bén trén. Bai toan dugc phan
chia thanh cac phan tir hitu han chu yéu hinh chir
nhat. Cac ph?m tur lién két duoc chia theo tam giac
dé d& phu hop. S6 phan tir hiru han khoang 39.000,
kich thudc nho nhit tai cac ving tap trung tng suat
nho hon 1m.

4. Két qua bai toan

Bai toan dugc giai bing PPPTHH véi bai toan
dan hoi hai chiéu. Két qua phan tich chu yéu la
chuyén vi trén mat dit duoc coi 1a bién dang bé
mat do tac dong cua tai trong.

Trudng hop xay dung cac cong trinh nha thp
tang, ta xét hai phuong an: PA1 véi nha khoang 2-
3 ting twong tng vdi tai trong phan bd déu khoang
17,59 Kpa (PA1), PA2 v6i nha 5 tang tuong tng
v6i tai trong phan bd déu 1a 35,18 Kpa (PA2). Trén
6 thi hinh 5 ching ta thiy phan bd bién dang mat
dat trong hai truong hop. Két qua cho thiy do lun
mat dat 16n nhét 1a 0,30-0,35 m. Day 1a d6 lan 16n
hon cho phép rat nhiéu véi cong trinh xay dung
dan dung. Song phai thay rang day la d6 lin cua ca
hé thong cong trinh chir khong phai do lin ctia mot
cong trinh.
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Do lun mat dat tap trung chu yéu tai noi xay
dung cong trinh va tit rat nhanh khi ra khoi pham
vi xay dung. Ket qua nay cling phu hop véi cong
trinh dat trén nén dt c6 mé dun bién dang nho.

Trong truong hgp bién dang mat dat do sut
giam nudc ngﬁm, két qua tinh toan cho trén hink 6.
Ta thiy rang d6 lan mat dat 16n nhat dén 1,2 m.
Pay la tri s6 dang bao dong. Tuy nhién su bién
dang kéo dai theo thoi gian, ¢6 thé 1én dén nhiéu
nam tuy thudc téc do cb két tang bun. Tir két qua
bai toan cho thdy ring:

- Bién dang bé mat dét xay ra khép bé mat khu
vuc, voi nhitng noi cé su sut gidm 1én vé€ nudc
ngam thi d6 lin mat dat ciing 16n.

- Nhitng noi c6 16p dat bun day thi mic do sut
Iin mat dét 16n (Khu vyc ndi d6 Ha Bong). Ngugc
lai, nhitng noi ving mat 16p dat bun, thay vao do la
16p dat o chi tidu vat 1y co hoc tét thi mirc do sut
Ian mat dat nho (khu vyc cach Chuc Son 4-7km,
trong pham vi hoat dong ctua song Day). Khu vuc
cach Chiic Son 2-4km tdn tai thau kinh bun do vay
sut lan mat dat khu vic nay van kha cao mic du
chidu sau ctia théu kinh bun 16n.

5. Mot vai nhan xét thay két luin

Két qua tinh toan cho bai toan véi tai trong 1a
cum cong trinh, d¢ 1Gn mat d4t 16n hon cho phép
véi tung cong trinh don 1é. DY lun cho phép nay
cia cum cong trinh chua c6 quy dinh trong
quy pham.

Bién dang mat dat do sut giam nudc ngdm rat
16n so vdi viée xay dung cong trinh trén mat dat.
Tuy nhién mot mat do tde do lun nudc ngém nho
(theo bao cao & Ha Déong toe do hang nam khoang
0,3-0,5 m/ndm) ma qua trinh c6 két 16p dit yéu kéo
dai ¢6 thé trén hai muoi nim. Do hoat dong nhan
sinh trong qua trinh do6 thi hoa, sy thay ddi do cao
mit dat chiu tac dong cta nhiéu yéu t6. Sy sut lin

mit dat do khai thac nudc ngam véi tbe do nho co
thé kho nhén théy.

Dbay la bai toan 16n mang tinh khu vuc dugc tac
gia ap dung dau tién ¢ Viét Nam. Véi két qua bai
toan ¢ thé mo rong cho bién dang mit dat do khai
thac khoang san ran nhu khai thac than (Pac biét
than ndu dudi dong bang Bac Bo). Bai toan bién
dang mat dét do hoat dong kién tao hién dai cling
¢6 thé dwoc nghién ciru v6i phuong phap nay.

Két qua bai toan ¢6 thé dugc tham khao cho cac
nha quan ly va thiét ké quy hoach Iya chon h¢ $6
xay dung quy hoach sao cho phu hop.
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SUMMARY
Forecasting land surface deformation in Ha Dong region due to urbanization and exploitation of groundwater

A huge surface deformation is present firstly the existence of the weak soil layers existing in the region, the second

is construction plans which are not reasonable and, the third is exploitation of underground water more and more over.

But the consequences are all due to the first cause. The weak soil layers in Hadong region are formed mainly by marine

transgression in early and middle Holocene stages. It was muddy sediments of coastal bays or lakes with high organic

compounds and in flow state. The soil layers with high deformation caused land surface subsidence when loading. It is

special dangerous due to nonconformity between spatial distribution of weak soil layer and the loading forms. This paper
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presents the results calculated by the finite element method (FEM) to predict ground deformation in HaDong region with
the different surface loads and underground water exploitation.

The exploitation of groundwater in the large and small scale in this region is now a topical issue. Groundwater level
falls down for Hanoi city by monitoring network wells. At the same time, many parts of the city show land subsidence by
topography repeat measurements. Main cause of falling down groundwater level is the groundwater exploitation without
planning by private households businesses. Exploitation amount of groundwater is more than water supplied caused
groundwater levels decline and lead to ground subsidence in weakness areas of soil layers.There is necessary of ground
deformation and groundwater level monitoring for ground subsidence and deformation forecasting to urban planning
and territorial security constructing for Hanoi city.
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