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Hien tuong sut lun mat dat 
khu vyc Cam San, tinh Quang Ninh 
va cac giai phap giam thieu tac dpng tieu cue cua no 
den cac cong trinh xay dyng 
I TS. PHl HdNG THINH - TrUdng Dgi hoc Giao thdng van tai 
I TS. T R A N Q U 6 C ci/ONG - Vien Dia chdt 
• TS. VAN T I ^ N H O N G - SdTdi nguyen va Mdi trUdng TP. Ho Chi Minh 

T Q M TAT: Hien tupng syt lun m$t dat da va dang 
dien ra tai khu v\jc Cam Son, tinh Quing Ninh 
khong chi gay hu h6ng cdng trinh, thiet hai kinh 
t l ma con gay hoang mang cho nhan dan d|a 
phuong Nguyen nhan chinh gay sut iiin m i t dat 
l i sy ton tai khong gian ngam Karst, cac h$ thong 
ddt gay, su ton tai cua cac Idp dat de b| riia troi 
tr&n be m5t d i goc, su dao dpng mL̂ c nude ngam 
va t i l trpng tTnh tu I6p dat san lap va cong trinh 
xay dung Co che sut liin m$t dat ro nhat la co che 
"sinkhole". Ket qu i phan tich da phan chia khu vyc 
nghien cOu thinh ba vung co nguy co phat smh 
syt liin m i t dat thap, trung binh va cao. Mpt so 
gil l phap da duac de xuat nh§m phuc vy cong tac 
quin ly va quy hoach xay dyng 

TL/ KHOA: Syt lun m^t dat, Karst, ddt gay kien tao, 
di vdl, Cam Son 

ABSTRACT: The land subsidence has been taking 
place in Cam Son area of Quang Ninh province, 
not only causing damage to the construction works, 
economic damages but also causing confusion for 
the local people. The mam causes of land subsidence 
are due to the existence of Karst underground space, 
the fault systems, the existence of easily eroded soil 
layers which he on the original rock, the fluctuation of 
groundwater level and static load from the filling soil 
and construction works. The most obvious mechanism 
of land subsidence is the sinkhole. The analysis results 
have divided the study area into three areas with low, 
medium and high risk of the land subsidence. A 
number of solutions have been proposed to serve 
construction management and planning 

KEYWORDS: Land subsidence, Karst, faults, 
limestone, Cam Spn area. 

10,84 km\ dan sd nam 2019 l i 35.280 ngUdi, mat dp d i n 
so dat 3.073 ngudl/km'. 

Thdi gian gan diy. tren dia b in phUdng Cam Son 
xay ra hien tuong sut lun mat d i t vdi tan suat day, quy 
md Idn, da lam eho mot sd edng trinh xay dung tren dja 
ban bi hu hong, khdng ehi gay th i l t hai ve kinh t l m i 
cdn lam cho nhan dan dia phuang hoang mang (Hinh 
1.1). Nghien cdu hien tupng sut lun mat dat v i d l xuat 
giai phap giam thieu t ic ddng tieu cue cua nd den cic 
cdng trinh xay dung khu vUe Cam Son l i can thiet v i cap 
bich, nham giam th i l t hai v l kinh t l , on dinh tinh th in 
cua nhan d in dia phuong. 

Hien tuong sut liin mat dat da dUpc quan tam 
nghi in cdu dV i l t Nam nhucae edng trinh nghien cdu 
cua Vien Dja chat v l tai bien sut dat d cac dia phuong 
nhu ciJa Tran Trpng Hue v i nnk (2006); Dinh Vin Toan 
va nnk (2008); Pham Tich Xuan va nnk (2007, 2009); 
Nguyen Xuan Huyen va nnk (2008), Do Minh Ddc va 
nnk (2012); Tran Quoc CUdng va nnk (2014); Phi Hdng 
Thinh v i nnk (2013,2015} [1,3-8]. Trong cac cong trinh 
nay, nguyen nhan sut dat deu dUpc xac djnh la do hai 
nhdm yeu td: cac yeu to tu nhien va cac yeu td nhin 
sinh. Cu the la cac y lu td dia chat - thach hpc, dja mao 
- t i n k i ln tao, yeu td dia chat thuy van - dia chat edng 
trinh duac xem nhu la d i lu kien "can", cac yeu td lam 
thay doi ddng thai tu nhien cua nadc dudi dat va y l u 
td tac dpng t r l n be mat la dieu kien "du". 

Hien tUpng sut lun mat dat tai Cam San dUpc ghi 
nhan da xuat hien rai rac trong thdi gian dai td nam 2007 
den 2010, bung phat trong cac nam tLf 2012 tdi 2014 va 
keo dai den nay Hau h i t cic hd syt xuat hien vao thdi 
diem tdthang 3 -10 hang nam, trong do thing 7 va th ing 
8 la thdi diem xuat h i ln nhieu hd sut nhat (Hinh 1.2). 

I.OATVANO^ 
Cam Son I I mdt phudng thuoc TR Cam Phi, tinh 

Quing Ninh (Hinh T3). PhUdng Cim Son cd d i ln tieh 
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Hinh 1.1. Mot vai ho sut tai khu vuc Cam Son 
xuat hien nam 2019 

Hinh 1.2: Di thi thing ki sd luong ho sut theo nim 
vi thing tai khu vue Cam Son 

Hinh 1.3: SadS hien trang sut lun mit dit tai khu vuc Cam Son 
(NguoaDetai W5/DXPS0I/20}4[31 

dupe bd sung bdi F^i Hdng Thinh nim 2019} 

Cac hd sut ed cac die diem: 
- Phin bd tren dien rdng nhung ed xu hudng phin 

bd th inh cum, tai noi giao c i t gida cie he thdng ddt 
gay k i ln tao; 
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- Xay ra t r ln eic th inh tao t r im tieh 0 1 tu bd rdi; 
- Xiy ra tren nhilu ki lu dia hinh. dia mao khac nhau; 
- Xiy ra t r ln vijng phu cd da gdc l i da voi: 
• Xiy ra dot ngdt tde thi tnang khoing thdl gian ngin; 
- Cie hd sut deu cd dang hinh trdn kha d ing thudc, 

kich thudc 1 - 3m x 1 - 4m, siu 1 - 5m; 
- Khdng ed hi ln tUpng mat nUde trong ho syt khi 

sut d i t xiy ra. 

2. NGUY£N NHAN, ca cnt vA PHAN VONG 
DU BAO NGUY CO SUT LCIN MAT DAT TAI KHU VUC 
CXM SON 

Nguyin nhan, cO ehi v l ph in viing du b io nguy co 
sut lun mat dat tai khu vUc Cam Son dupe thuc hi ln theo 
eic phuong phap: khio sit thue dja, thu th ip v i he thdng 
hda sd l i lu, do v l c lu true dia chit - k i ln tao, dja chit edng 
trinh - dja chat thuy van - dja v i t ly k i t hpp, phin tich dja 
mao. md hinh sd (phuang ph ip phan tCf hijfu han bing 
phan mem Plaxis) v i phuang phip phin tieh he thdng. 

2.1. Nguyen nhan 
* Cau true dia chdt vd kien tao: 

Q .«. . A 
Hinh 2.1: Sado eau true dia chat qua vl tri sut lun mit dit 

khu vue Cam Son 
(Nguon- De tii 105/OXPS 01/2014 [3]. 

PhiHong Thinh bo sung nim 2019) 

Cic hoat ddng 6ia chat va kien tao giy ra eie phi huy, 
khe niit trong d i vdi tao ra ddi d ip vd, thay ddi be mat dja 
hinh, tao dieu kiln chda nude v i chuyen ddng eua nUdc 
eung vdi cic ylu td nhiet dd. dd am thay ddi l im qui trinh 
hoa tan da voi tich cue hon trong cac via d l dap vd, tao eic 
dieu kien thuin Ipi phat sinh eie hang, hoc, ranh Karst HI 
thdng dut gay phuangTay Bic - Ddng Nam cd bieu hiln hoat 
dpng hiln dai va cd lien quan v l vj tri vdi phan Idn cic di lm 
syt lun dat tai Cam Son trong nhiJTig nim gin day (Hinh 2.1). 

* Ton tgi cdc hang Karst ngam va be mat da gdc nSi cao 
Hinh 2.2 cho thay cd cac b ic hang Karst ng im vdi 

kich thude va dd siu khac nhau. Cle hang Karst ng im 
thudng n im d cao dp tuyl t ddi td -10 d i n -28m, chilu 
cao hang td 3 d in 8 m. Cac hang nay thuong bi lap nh i t 
bdi bun set pha mlu x lm v ing Ian san sdi (Idp 6) ed 
ngudn gdc td cic Idp d i t n i m ngay phia tren hang bi rda 
trdi xudng. Kholng cich tu tran hang tdi mi t d l vdi td 
1.0 d i n 3,5 m. Chung phin bd kh i trung khdp vdi cle vi 
tri m i dia hinh d i vdi cd xu t h i ndi cao. 

* Bien doi dudng bd bien 
Td n im 1969 d in nay, dudng bd bien tai khu vue 
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nghiin edu t i ln ra bi ln chiu Inh hUi^g bdi qu i trinh do 
th i i ven b i ln v i san l ip d in sinh. Tai dly, dudng bo chinh 
l i ranh gidi cua b l l do th l i ven bi ln hole eua vung san 
l ip d i n sinh. Phan Idn eie vi tri sut d iu n im sit bd bien 
v i cd xu hudng g in cic ndn phdng vit . Suthay ddi tCf mdi 
tn/dng bien ven bd sang mdi trudng luc dia (do san l ip, do 
thit) d i Inh hudng tdi eau true dja chat tang phu. tao dieu 
ki|n thuin loi cho qu i trinh syt lun mi t dat phi t tr i ln. 

' Ddc diem thuy vdn vd dia chdt thuy vdn (EXTV) 

- Ddng chdy mdt: Trong khu vUe nghien edu ed he 
thdng ddng chiy mat ngin (sudi Hda Chit) theo phuang 
Bic - Nam. td md Deo Nai - Cpc Siu ra bien. Hiln nay, ddng 
chiy mi t tu nhiln niy da dUOc k l v i ngin bing d ip be 
t6ng, trd thinh muong thoit nude eho khu vUc v i x l th l i 
cua eie md khai thic than. Khu vUc xiy ra syt lun mat d i t 
ed pham vi xuat hi ln g in he thdng ddng chiy mat niy. 

-Die diem nude dudi d i t (NDD): Khu vUc nghiin cdu 
tdn tai hai t ing chCfa nude: t ing chda nUdc 16 hong trong 
cic t r im tlch bd rdi D l td v i t ing chda nude Karst trong 
tr im tieh earbonat h i t ing Bic Son. Nude trong t i ng van 
dOng theo hudng Bic - Nam v i Tly Ble - Ddng Nam, phu 
hpp vdi phin bd cua dja hinh vung nghien CLfu. Syt lun 
mit d i t trong khu vUc xiy ra trong d i ln Id cCia hai tang 
chLfa nude De t d v i tang chda nude Karst. 

- Dao ddng mUc NDD: Phin tich dao ddng muc N[>D 
theo tuong quan vdi lupng mUa va thuy trieu tai thdi 
di lm xiy ra sut d i t tai Thuy Son (3h ngiy 29/7/2014) cho 
thiy, trudc mdt ngiy xiy ra syt d i t , miic nUdc tai cie 
di lm quan trie g i im manh tii 24 d i n 31 cm k im theo 
cd mua vdi luong mua dat tdi 77 mm/ngiy, dong thdi 
trung v io khoing thdi gian thOy trieu cd b i ln do t r i lu 
Idn nhi t cua th ing 7. TCf dd cd t h i k i t lu in r ing, sU dao 
ddng muc nude dudi dat theo chieu th ing ddng v i die 
b i l t theo ehilu ngang c6 vai trd quan trpng trong g iy ra 
syt d i t tai d m Son. 

" Dia tdng vd tinh chdt caly cua ddt dd: 
Dia t ing tong hpp tai khu vUc nghiin cdu bao gdm 

eie ldp dat d l sau (Hinh 2.2): 
- Ldp 1: D i t lap (phe th i i xiy dung lan eat san va 

than elm), d iy 3,0 d i n 5,5 m. 
- Ldp 2: Cat l ln san sdi va vd sd bien, m iu x im den, 

x lmv ing , k i t cau chit VLfa, d iy 1,5 den 5,5 m. 
- Ldp 3: Cat pha lan san sdi va vd so bien, mau x im 

den, x lm ving, trang th l i d io , day kholng 3,0 m. 
- Ldp 4: Sit pha lan san sdi, m iu x im ving, nau dd, 

n lu ving, trang th l i d io mem, d iy 2,0 d i n 14,0 m. 
- Ldp 5: D i vdi, m iu x im sing, phong hda nhe, nut 

n l manh. Trong Idp d l vdi tdn tai nhi lu hang Karst ngam 
vdl kieh thudc v i dp siu khie nhau. Khoing cich tC/tran 
hang tdi m i t da vdi td 1,0 d i n 3.5 m; 

- Ldp 6: Bun s i t pha, m i u x im ving lan san sdi, lap 
nhi t trong cle hang Karst ngam (H). 

Nghiin cdu hi ln trang sut lun mat d i t tai khu vUe 
nghiin cdu eho thiy. eic ho syt chi xiy ra 6 eic vi tri m i 
t r ln b l mi t cd dat l ip, d i t rdi, dat d i bi d io bcri san lap (cie 
ldp d i t sd 1,2,3 v i 4) cd chiJia nude. Su hinh thinh cua cie 
loai d i t niy trong qu i trinh phit tr i ln do thj Cam Phi k lo 

theo suhinh thinh tang chua NDD ndng g in b l mi t cd t ie 
ddng tdi qu i trinh phi t Win hd sut. 

- I ® 1 , , -T _ ' • • 

rW-'. - ; ® i 

HT 1 NT 2 HT 3 HT 4 
Hinh 2.2: Tru eit cic l5 khoan diin hinh 

' Yiu to khi tupng - hdi vdn 
Khu vuc nghien edu ed lupng mUa trung binh h ing 

n i m kholng 2.300 mm va phan t im hai mua: miia mUa 
nhieu v i mua khd. Mua mUa nhieu tap trung tilf th ing 5 
d i n thing 10 vdi lupng mUa chllm tdi 85% tong lUpng 
mua c l n im; mua khd vdi lUpng mUa rat nhd ehi chilm 
15% tong luong mua c i n im v i keo dai tii th ing 11 den 
thing 4 hing nam, Ben canh do, NDD trong khu vuc bi 
inh hudng cua thuy tr i lu theo ngiy v i theo th ing. Anh 
hudng cua thuy t r i lu l i p di l ip lai theo ngiy, th ing v l 
mua da t ie ddng tdi sU dao ddng mUc nude NDD.TUPng 
quan dpng th i i HDD - dieu ki ln khi tUong (lUpng mUa) -
d i lu k i ln h i i van (thuy trieu) da phin inh vai tro eua y lu 
td ty nhien khi tuong - h i i van - DCTV trong tai bi ln sut 
lun mat dat tai khu vue nghien edu. 

• Gia tdng tdi trong tUcdc cong trinh xdy dUng: 
Hien nay, trong khu vUe phudng Cam San, cac cdng 

trinh xay dung dan dung v i cdng nghiep eo quy md td 
1 d in 5 tang, chu y lu sCf dyng mdng bang va mdng b l . 

•' •'••^•T^jr.'?«l^<,\:." 

L ^ * -

Hinh 2.3: Chuyen vj thing dung ung vdi mdng bing 
cd 3 hang mdng cich nhau 8 m. rpng 1,5 m vi quy md cdng trinh 

xay dung dan dung va edng nghiep mot ting, dng vdi HNN 
cich mat dit 4,0 m; Hinh tru HT1 
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Kit qu i ph in tich Inh hudng cua t i i trong cdng 
trinh den sut lun mi t dat trong khu vue dupc thuc hi ln 
b ing ph in mem Plaxis 8.2 ufng vdi hai loai mdng I I mdng 
b ing va mdng b l vdi quy md cdng trinh td 1 den 5 tang; 
muc nude ngim eieh mat dat 4,0 v i 34,0 m; dja t ing HT1 
v i HT4. Nhan thay r ing, lun mi t dat do eie cdng trinh 
x iy dung d i n dung v i edng nghilp g iy ra tai khu vUc 
nghiin cdu nhd, thay ddi tii39.366en 287,62 mm, khdng 
cd h i ln tupng sip hang Karst (Hinh 2.3). 

Hinh 2.4: Chuyin vj thing diing m^t dat tai khu vuc 
kh6ng xiy dung c6ng trinh khi HNN ha thap tdd6 siu 4,0 

xudng 34,0 m; Hinh tru HTl vi HT4 
Lun mat d i t do MNN ha thap til dp siu 4,0 xudng 

34.0 m tai eac khu vUc khdng xay dung cdng trinh cung 
nhd, thay ddi td 110,90 d i n 254,80 mm, khdng ed h i ln 
tuong sip hang Karst (Hinh 2.4). 

2.2. Co chi 
Do vat lieu khdng ddng nhat tai khu vuc Cam Son 

dupc dan qua cic hong Karst, he thdng khe nut/ddi dap 
vd d l vdi nen khdng gian ngam trong Idp phu Oe td ed 
the phi t trien ngay t r l n nde hang Karst hoic khdng true 
t i l p tren nde hang Karst. Co ch i nay 6uac gpi I I "sinkhole" 
trong tieng Anh. 

2.3. Phan vung du blo nguy cO sut lun mat dat 
tai Cam Scm 

So do phin viJng du b io nguy eo sut lun mi t dat 
khu vUc e l m Son dupe th inh lap dUa tren eau true dia 
chit v i k i ln tao, die d i lm be mat d l vdi, cau true dja chat 
cdng trinh Idp phu, vung d ip vd tren d i vdi ngim. Noi 
thu in lai cho tai b i ln sut liin mat dat khu vUc Cam Son 
tdgde dd c iu true dia chit la: 

- Noi ph in bd d l vdi he tang Ble Son bj e l t ph i , tai 
noi giao c i t gida eie he thdng ddt g iy phuong vi tuyln, 
i vT tuyln, Ddng Bic - Tly Nam, Tly Ble - Ddng Nam, kinh 
tuyln v i I kinh tuyen. 
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Wnfl 2.5: So dS nguy cophit sinh sut liin m$t dit 

khu vuc dm Son 
- Noi t ing phu mdng, mUc nUdc ngim dao ddng 

manh v i chju inh hudng true tiep eCia thOy tr i lu. Tuy 
nhiln, cic y lu td niy chua cd d i lu ki ln nghien edu chi t i l t . 

Cin cd v io cic cau true dja chi t thu in lOi cho syt 
lun mat d i t n lu t r l n cho ph ip xiy dung so dd nguy co 
ph i t sinh sut lun mat dat khu vUc Cim Son (Hinh2.5). 

Tren so dd niy, eic khu vUc n im trong gdc phin 
tu phia Ddng, Tiy va Nam, dupe tao bdi giao el t gida h | 
thdng dut gay phuong Tiy Bic - Ddng Nam vdi h i thong 
ddt gay phuong Ddng Bic - Tiy Nam va i vl tuyln dupc 
khoanh vao khu vUe du b io cd nguy cO syt lun mat d i t 
cao (khu vue m iu vang sam). Cic khu vuc d i vdi he t ing 
Ble Son (C-Pbs) dupe phu bdi t r im tieh De tddupe dinh 
g i i l i khu vuc cd nguy co ph i t sinh sut lun mat d i t trung 
binh (khu vUe miu v ing nhat). Cie khu vUe cdn lai dupc 
d inh g i i 11 khu vUe ed nguy co ph i t sinh syt lun mat di t 
thap {khu vuc mau xim). 

S.THAOLUAN 
D4 khic phuc, g i im th i lu v l phdng tr inh sut liin 

mat dat, eie gi i i phip cdng trinh v i phi cdng trinh sau 
ed the i p dyng. 

3.1 . Gili phip v l mdng v l ket clu 
Ddi vdl nha cao tang, t l i trpng Idn can sCf dung gil i 

phap mdng siu v l tu in thu nghiem ngat quy trinh thi 
cdng mdng cpc trong khu vUc ed hang dpng Karts ngim. 

Ddi vdl nh i thap tang eIn sd dung gi l i ph ip mdng 
b l tdng edt th ip, mdng b ing giao thoa hole mdng b l . 
Mdng be nen sCf dyng eho eie edng trinh cd t i i trpng l i ^ 
hon.Wlc SLfdung eie bien ph ip n iy nh im tang dp cdng 
cua mdng, chju dupe sU xuat h i ln hd sut dudi de mdng, 
d i m b io su l im vile dn dinh cua cic k i t cau ben tren 

Kit cau edng trinh trong khu vue cd kh i n ing xiy 
ra hd syt phl i d i m b lo dd cdng eua edng trinh, nen xlv 
dung nh i cd k i t c lu khung dam b l tdng cdt thep 

3^ . Gili phip phi cdng trinh 
- Cdng tdcqudn lyvd quy hoach dd thhC&c khu vuc ed 

nhieu hang ddng n im dudi n ln dupc bd tri l i m khu civ 



xanh, vudn hoa. Khu vuc cd it hang ddng ed t h i bd tri xiy 
dyng edng trinh d i n dyng. Cin nghilm e lm hoat ddng 
be bd hut than tai Idng sudi Hda chit (khu vUcThuy Son). 

- Cdng tde gido due. tuyen truyen:T\en h inh gi lo due, 
tuyln truyin trong nhin d in d l nh in dan hieu dung 
v l tai b i ln sut lun m i t d i t , each nhin b i l t v l cleh g i im 
thi lu th i l t hai. 

- Cdng tde nghiin cdu khoa hoc vd quan trde: Ben 
c^nh cdng t ie md rdng vung nghiin cdu, nhi ln cdu siu 
han v l t ic dpng cua eua eie y lu td kieh thich. 

4. K§T LUAN 

- Trong khu vUc nghiin cdu cic hd syt xiy ra ddt 
ngpt. tde thi trong khoing thdi gian ngin. Trudc khi x iy 
ra syt liin mi t d i t , t r ln b l mi t dat khdng cd bieu hien lun 
hay dau h i lu b io trudc rd r ing. Cic ho sut ph in bd r i i 
ric, khdng c6 quy lui t rd r ing nhung ed xu the tap trung 
d khu vyc b ing phlng. cd khoing cich ra tdi bi ln ngin 
hole rat gan eie ndn phdng vit . Chung ed xu the phin 
bdtheophUongTIyTly Ble-Ddng Ddng Nam. 

- Nguyen nhin v i eO ehe sut lun mat d i t : Su tdn tai 
cua khdng gian ngim Karst, trong dd quan trong nhi t 
I I ble hang Karst ngim d iu t i ln ngay dudi be mat d i 
vdi. Cle hang Karst ng im niy cd xu hudng t i p trung nai 
giao c i t cua cic h i thdng dCft gay trong khu vUc, die biet 
t^i noi giao elt giiJa h | thdng dut g iy phuong Tly Ble -
Ddng Nam vdi he thdng dul g iy phuong Ddng Bic -Tiy 
Nam. Ldp xung y lu trong t ing phu t r ln b l mat d i gdc la 
ldp sit pha l ln san sdi. miu n iu ving, nau dd, x im ving, 
trang th i i d io mem d in d io chiy. Ldp niy d l bj ldi cudn, 
rda trdi v io trong khdng gian ngim Karst thdng qua cic 
khe nCft v i ddi d ip vd cua d i vdi. Dao ddng cua NDD va 
t l i trong tinh tii Idp d i t san lap v i tCr cac edng trinh xay 
dung d in dyng v i edng nghilp l i mot trong cle nguyen 
nhin kich thich quan trpng. 

- Co che sut: Rd nhi't l i eP ehe "sinkhole". 
- Phin vung nguy cO syt lun mat dat: So dd phin 

vung nguy ca sut liin m i t d i t khu vue Ci'm Son dupc 
thinh l ip dua theo bdn yeu td: Khi nang tdn tai hang 
Karst ngim; Ddi d i p vd tai b l mat Idp d i vdi ngam; Die 
di lm elu true dja chit cdng trinh; Die diem be mat dia 
hinh d l vdi. Kit qu i nghien edu d i ph in ra 3 khu vuc cd 
nguy co phi t sinh syt lun mat d i t th ip, trung binh v i eao. 

- Giii ph ip khie phuc, g i lm th i lu va phdng tr inh 
sut lun mi t d i t gdm cic gi i i ph ip cdng trinh v i phi cong 
trinh cho cle khu vuc d i v i cd nguy eO phi t sinh sut lun 
mi t d i t . 
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