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1. Mé dau

Hang ndm vao mua mua bao hién tugng trugt
16 suon dée xdy ra manh m€ & céc tinh mién nii,
dac biét la cac tinh Cao Béng, Lao Cai, Ha
Giang,... Bac biét vao mua mua nam 2007- 2008,
hién tuong trugt 16 xay ra manh mé & thi trAn Céc
Pai-huyén Xin Man - tinh Ha Giang, phét trién
manh mé khu vyc trung thi trin, khu nha UBND
huyén va nha lam viéc ctia cic phong ban nam trén
mot khéi trugt 16n c6 chiéu dai 350- 500m, chiéu
rong 150- 200m. Nhiéu nha dan, dudng giao thong
va dai twong niém nam trén khdi truot nay déu bi
ntt va bién dang nghiém trong. Trudc nguy co
trugt nghiém trong ¢ trung tdm Huyén Ly Xin
Man, Chinh phu d3 c6 ¥ kién chi dao v& viéc xur 1y
truot 16 dat khu vue trung tdm huyén ly Xin Man
(thi trAn Cdc Pai), tinh Ha Giang. DPé dua ra duoc
cac giai phap hop ly xu 1y truot 1& d4t khu vue doi
hoi phai ¢6 co s¢ khoa hoc danh gia ding muc do
nguy hiém vé trugt 10, cic nguyén nhan chinh tryc
tiép gay truot 16 nhim dua ra cac giai phap phu hop
voi thyc té, dat hidu qua kinh t - xd hoi va phong
tranh. Tinh toan va dy bao duoc lugng nudc mua
ngdm vao dat theo thoi gian va theo d9 sau la co s¢
quan trong trong tinh todn danh gid do 6n dinh
sudn dbc, du bao nguy co trugt 1o dudi tdc dong
cua mua, dong thoi dua ra giai phap ky thuat ticu
thoat nu6c ngdm phu hop nhim dam bao do 6n
dinh suon dbc. Ngoai ra, két qua mo phong qua
trinh ngam nuée mua vao dat tro giup déc luc cho
tinh toan chinh xac dong chay mit, 1a théng sd
quan trong trong thiét ké hé thong thu gom nuédc
mit d6i v6i cac sudn doc.
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2. Vai trd ciia mwa ddi véi truot 16

Yéu t6 mua tao ra cac diéu kién thuan loi cho
trugt c6 thé dugc dinh lwong héa la: 1) dat c6 do
4m tang 1én do mua ngdm s& lam tang khéi lugng,
giam lyc khang cit va gbc ma sat trong; 2) lam
tang ap luc nudc 16 réng trong dét, & nhitng diéu
kién dia_ chat thiry vin nhét dinh s& lam tang muyc
nugc ngam, tirc la tang lyc day ndi ctia dat. Thi du
vé giam lyc khang cét va gbc ma st trong cua dat
do tang d9 am coé thé dwgc minh hoa qua thi du
trén hinh 1 [1] cho the“iy réng su bién ddi dot ngot
clia cac thong s6 khang cit xay ra khi dat chuyén
tir trang thai crng sang déo.
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Hinh 1. Bién thién lyc dinh va goc ma sat trong
theo d0 am

Mit cit qua qua cac 16 khoan khu vuc trung
tam thi trdn Cdc Pai (hink 2), noi c6 khéi truot 16n
nhét vé kich thudc va mirc d6 dich truot, c6 mit 5
16p nhu sau [6]:



-Lop @: dét 1§p, suon tich, dét sét pha, dam san.
- Lép @: sét pha mau xam ghi, xdm vang.

- Lép ®: sét pha ldn dim san mau xam ghi,
xam vang.

- Lép @: phién sericit phong hoa mau xam ghi,
xam den.

- Lép ®: da phién sericit mau xam ghi, xam sang.

Nhu vay, phﬁn trén cuia mat cit t6i d6 sau 15m-
20m 1a cac 16p 1 dén 3 1a dat sét, sét pha lan dam

san. Cac két qua thi nghiém céc chi tiéu co 1y cac
méau dit khu vuc cho thdy & trang thai bdo hoa
nu6e dat cac 16p 1-3 c¢6 cac chi tiéu co hoc thip
hon dang ké so voi trang thai ty nhién c6 do 4m
thip [6]: luc dinh két giam 28% va goc ma sat
trong giam 14%. Viéc mo hinh chinh xac qua trinh
ngdm nudc mua cho phép xac dinh chinh xac do
am clia dat theo khong gian va thoi gian va do d6
s& xac dinh duoc cac chi tidu co 1y ciia dat tmg voi
cac do am nay phuc vu cho tinh toan chinh xac
nguy co truot dat, tirc 1a canh bao trude nguy co
truot 16 trong tién trinh mua nhAt dinh.

LE3

4470

1 4B3

+ 466

+ 455

+ 450

4445

440

+ 4355

=430

4473

4470

Hinh 2. Mit cit khu vuc trung tdm thi trin Cdc Pai (qua UBND huyén)[6]

3. Co ché qua trinh ngim nwéc muwa
3.1. Phuwong trinh lan truyén dm trong dit

Khi nuéc mua roi xuéng mat dat, mot phﬁn bi
bdc hoi, mot phan ngdm xudng d4t va mot phan chay
tran trén mat dat. Trong nghién ctru truot 16 dudi anh
huéng ciia mua, c6 thé tinh toan lugng nuéc mua
thdm vao dat bing mo hinh s6. Phuong trinh mo ta
qué trinh lan truyén nudc trong dat khong bio hoa
nudc theo phuong thing dung tir trén xudng cd
dang sau [2]:

2, o
_&{D(ew)

@}_ﬂf(ew) (1)
ot

124 124

trong do: 6, 1a do am tuong dbi cua dét (lwong
nudc chtra trong mot don vi thé tich dat), ¢ 1a thoi
gian, p 1a &p suat nudc (hodc 1a ap lyc hut tuyét

d6i); y1a dung trong cua nudc va D(6,) 1a hé sd
phan tan am trong dét c6 don vi la L*T". _
Nhu vay d& mé hinh duge qua trinh lan truyén 4m
d6i voi mot moi truong dat nhat dinh nao do phai
biét dugc quan hé gitta hé s6 thAm khong bio hoa
va d6 am ciing nhur giira ap lyc hit nudc tuyét dbi
va d6 4m. Trong khuén khd ctia nghién ciru nay,
céc tac gia sir dung quan hé ap luc hat tuyét ddi (p
tinh bang m) va d6 am va giira h¢ s6 tham khong
bdo hoa (tinh bing m/s) va do6 4m (6,) theo
Jiunsheng Li and Hiroshi Kawano (1997) [3]:

g Y570
= —w_ <
» 1,66( gBH] 0, <035 @
g Y272
p=0,09 2w 0, > 0,35
OBH
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o 16,37
K(6,) :8,33><107(Wj 6,, <035
Opn
g 14208 (3)
K(6,)=133x 105(0WJ 6,,>035
BH

Tir (2) va (3) ta co6 hé sb phan tan 4m (D(6,)
tinh bang m%/s) 1a:

o 16T
D(O )—833X107(J x
O9BH

8 -6,70
x9,462 [WJ GW £0,35

0
BH )

X

]42,08

DO )=1,33x 107 | Ow.
w OBH

-28,21
) 6 >0,35
w

_Trong d6: Gy 1a o am bdo hoa, K(6,) 1a hé sb
tham khong bdo hoa (la ham so nhat dinh cua do
am d6i voi mdi loai dat).

x2, 4489 (W
OBH

Phuong trinh (1) chi c6 10i giai duy nhét khi co
ddy du cac diéu kién ban dau va diéu kién bién
duoc mo ta nhu sau.

Diéu kién ban dau la phan bd d6 am vao
thoi diém ban dau ¢ = ¢, tai moi vi tri trong mién
tinh toan:

0,=0,(2) 5)
Céc diéu kién bién co thé 1a mot hodc dong thoi
cac dang sau:
- Bién c6 do 4m va ap suat da biét:
W A
0, =0, teénl, 6)
- Bién Neumann (gradient d am phéap tuyén
v6i duong bién da bict):
o6

> v = g trén Fgw )
n

3.2. Phwong phdp phan tir hitu han

Phuong phap md hinh sO (chéng han phan tir
hiru han) c6 thé /dugce st dung daé giai phuong trinh
(1) tinh toan ngdm nudc mua trong dat. He phuong
trinh tuyén tinh cho ting budc thoi gian dwoc thiét
1ap theo dung trinh tir mé ta trong cac phuong trinh
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(1+4). Trong timg budc thoi gian cac thong sb vé
gia tri lugng nudce duge cung cép tir mat dat, hé sb
thdm khong bdo hoa (K(w)), hé s6 phan tan 4m
(D(6,), 46 am & bién phia dudi (6,) dugc thay ddi
theo diing gia tri thyc té (lugng nudc mua roi trén
bé mit) hodc theo cac quan hé giita cac thong s6 dé
v6i d6 am (cac cong thirc 2-4).

Theo phwong phap phan tir hitu han, chia mién
md hinh lan truyén am ra M phan tir va so budc
thoi gian chay mé hinh 1a N. Ap dung phuong phap
phan tir hitu han cho phuong trinh 1 voi so do sai
phan trung tim vé thdi gian véi cac diéu kién bién
nhit dinh ta c6 hé phuong trinh tuyén tinh
(Huyakorn Pinder, 1987)[4]:

(2+A1, K)0r "™ =—(2+A1,K) 0, +F  (8)
Trong d6 K goi 1a 1a ma tran cig hinh vudng
kich thudc MxM phu thude vao kich thude phan tir

A ST S L < Lag. , R
va hé so phan tan am, Ywva Yw tuong ung la ma
tran cot co M hang 1a d6 am tai cac 6 ludi vao budc
thoi gian thr n va n+1, F 1a ma trén ¢4t c6 M hang
phu thudc vao kich thudc phan tir va didu kién bién
cu thé Az, 12 bude thoi gian tai budec mé hinh thi #.

So d6 md hinh lan truyén am dugc thé hién trén

hinh 3.

’ Chon mién mé hinh‘

Chon budc Iudi, budc thai gian
va s6 budc chay mé hinh (N)

Lap Iugi mé hinh (s&
th tu nat va phan tk)

Chon diéu kién ban dau
(i=0) va didu kién bién

i=1

Tinh céac théng sé cho cac
nat va phan t trén toan mién

Chay chuong trinh tinh
dd dm va ap luc hat

é I=<N
i=i+1

I>N

<>

Hinh 3. So d6 khéi qué trinh mé hinh s6
lan truyén am




4. M hinh thAm nwéc mua khu v nghién ciru

4.1. Pic trung mwa khu vue thi trin Céc Pai-
huyén Xin Man

S6 liéu mua trung binh nim giai doan 2000-
2008 tai Xin Mén cho thiy lwong mua ndm 16n nhét
1a 2063,8mm (nam 2008), nho nhit 1a 693,9mm
(n&m 2003) va trung binh 1a 1518,3mm. Trong giai
doan nay c6 3 nam c6 téng lugng mua tir 2063,8mm
dén 2098mm 14 nam 2001, 2002 va 2008 va 1én gip
gin 1,4 1an mua trung binh nam va 16n toi gdp 3 lan
nim c6 mua it nhat.

Nam 2008 la nam xay ra trugt 16 manh ¢ khu
vue thi trAn Céc Pai - huyén Xin Man - tinh Ha
Giang, c6 mua 1 ngay, 2 va 3 ngay lién tuc lon
nhét xay ra trong cac ngay 26-28 thang 8 véi lugng
mua tuong Gng la 156,0mm (1a lugng mua ngay
16n thir 3 trong giai doan 1970-2009), 202,1mm (la
luong mua 2 ngay 16n thir 5 trong giai doan 1970-
2009)) va 222,3mm (1a lugng mua 3 ngay 16n thir 7
trong giai doan 1970-2009). Pang luu y 1a mwa hiu
nhu lién tuc kéo dai sudt tir ngay 23/7 dén hét ngay
7/9 véi tong lugng mua dat 791,3mm (bdng 1, hinh
4) chiém 38% tong lugng mua nim 2008.

Bing 1. Sé liéu mwa tir ngay 22-7-2008 dén 7-9-2008 [5]

R . = Mwa ngay Muwa cén N . x Mwa nga Muwa con N . x Mwa nga Muwa con
Ngay/thang/nam (mm% Y dan (m.m? Ngay/thang/nam (mm% Y dan (m.m? Ngay/thang/nam (mm% Y dan (rﬁmg)’
22-7-08 0,0 0,0 7/8/08 1,8 246,3 23-8-08 9,1 453,8
23-7-08 16,1 16,1 8-8-08 48,1 2944 24-8-08 8,4 462,2
24-7-08 44,5 60,6 9-8-08 87,1 381,5 25-8-08 2,8 465,0
25-7-08 122,5 1831 10-8-08 25,4 406,9 26-8-08 20,2 485,2
26-7-08 9,1 192,2 11-8-08 23 409,2 27-8-08 156,0 641,2
27-7-08 0,0 192,2 12-8-08 5,0 414,2 28-8-08 46,1 687,3
28-7-08 12,3 204,5 13-8-08 0,0 4142 29-8-08 0,0 687,3
29-7-08 0,0 204,5 14-8-08 19,3 433,5 30-8-08 0,0 687,3
30-7-08 0,0 204,5 15-8-08 0,0 433,5 31-8-08 42,0 729,3
31-7-08 2,1 206,6 16-8-08 0,0 433,5 1-9-08 0,4 729,7
1-8-08 13,5 2201 17-8-08 0,0 433,5 2-9-08 0,0 729,7
2-8-08 1,8 2219 18-8-08 21 435,6 3-9-08 22,4 7521
3-8-08 2,1 2240 19-8-08 0,0 435,6 4-9-08 25,4 777,5
4-8-08 8,7 232,7 20-8-08 9,1 4447 5-9-08 0,0 777,5
5-8-08 11,3 2440 21-8-08 0,0 4447 6-9-08 23 779,8
6-8-08 0,5 2445 22-8-08 0,0 4447 7-9-08 11,5 791,3
180 900
—e—Lwong mua ngay (mm)
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4.2. M6 hinh thém nwéc mua khu vic thi trin
Cic Pai thoi gian tiv 22-8 dén 7-9 niam 2008

Tién hanh mé hinh lan truyén am khu vuc thi
tran Coc Pai trong thdi gian mua 16n nam 2008 tir
ngay 22/8 dén 7/9. S6 liéu mua st dung trong mo
hinh 1a mua theo gio do duogc tai Hoang Su Phi
(hinh 5) do s6 liéu mua & thi trdn Cdc Pai 1a sd liéu
mua do theo ngay. M6 hinh phan tir hitu han bac
cao ¢6 mién mo hinh tur mat dat dén do sau 8m,
kich thudc phan tir 1a 0,02m, tirc 1a c¢6 tong s nut
la 4000, Budc thoi gian trong mo hinh la 10 phat
(tong s6 budc thoi gian chay mo hinh 1a 2304).
Trong khuon khé nghién ctru nay sir dung tuong
quan gita 4p suit hut nudc tuyét doi, hé sb thim

khong bdo hoa va hé sb phan tan 4m theo cac cong
thirc (2-4) néu trén, nhung hé s6 thaim bio hoa ciia
dat ldy bang 0,02m/ngay 1a gi tri hé sb tham trung
binh theo tai liéu thi nghiém thdm cic mau dét tir
mit dat dén do sdu 2 mét trong cac 16 khoan dia
chit cong trinh khu vuc nghién ciru [6].

Tir két qua phan bd 4m ciia mo hinh lan truyén
am do nudc mua ngdm c6 thé tinh toan duoc lugng
nudc mua ngam vao dit va phan nuéc muwa chay
tran trén mat dat. Két qua tinh toan lugng nudc
mua ngdm thé hién trén hinh 6 va 7. Két qua mo
hinh ngdm nudc mwa con cho phép tinh toan phan
tram lugng nuéc mua ngam vao dat, phan con lai
1a chay tran mat dét, boc hoi...
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Hinh 5. Mua gid tir 22-8-2008 dén 7-9-2008 [5]
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Hinh 6. Phan bd 4m theo do sau tir 24-8 dén 31-8
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<« Hinh 7. Phan b6 4m theo do
sau tir 31-8 dén 7-9
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Chiéu sau (m)
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Ket qua cho thay tbc do ting do am va
chiéu sau lan truyén nuéc muwa trong nhitng ngay
dau 16n va sau do glam dan. Piéu nay phan anh
dung ban chat cia qua trinh vi dp suat hut nudce
giam theo quy luat s6 mii v6i do am, va giam
nhanh hon rat nhiéu so véi viéc ting hé so
thim khi d¢ 4m ting, dong thoi gradient nong do

am theo phuong thim thang du'ng giam theo thoi
gian. Trong 5 ngay dau mua méi bt dau do am
trong dat thap, cuong d6 mu nho nén phin trim
luong nudc mua vao dat 1on, dat toi 34% trong
ngay thir 3, sau d6 giam dan dat cuc tiéu vao ngay
thar 7 (14%) va sau d6 tang cham va dat 19% vao
ngay thit 16 (hinh 8).
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4.3. Sir dung két qui mé hinh ngéam nwéc mua
trong tinh todn d¢ on dinh swon doc

Dé sir dung két qua mo hinh ngdm nudc mua
trong tinh toan dg on dinh cta suon dbc can thiét
lap mdi trong quan giita khdi luong riéng cua dét
va d6 am, trong quan gitra gi4 tri d6 dinh ciing nhu

goc ma sat trong cua dat va do am cua dat. Ngoai
ra néu co diéu kién vé ap luc nude 16 rdng (muyc
nude ngim cao hon mit tinh toan truot) thi yéu to
nay ciing phai dugc dua vao tinh toan. Trong qua
trinh tinh toan dd 6n dinh truot theo céc phuong
phap lat cat, tinh toan khdi luong dét cua cac lat cat
phai dugc thyc hién cho tirng 16p mong theo d¢ sau
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vi d6 4m thay doi rat 16n theo d6 sau. Pong thoi do
dinh va goc ma sat tai day cac lat cét (cung tinh
toan do on dinh truot) cling phai dugc xac dinh
theo mdi twong quan voi do am.

5. Nhan xét - két luan

Khu vuc nghién ciru c6 bé mit 1a san pham
phong hoa co nhiéu thanh phan hat tho nén c6 kha
nang tham nudc tot hon sét, sét pha thong thuorng
Dudi diéu kién mua kéo dai va mua 16n ngdm vao
dat trong dbi nhidu lam tang khéi luong riéng cua
dat da, lam giam cac chi tiéu khang cit, dong chay
ngdm theo huéng d6 déc cua suon doc lam gia
tang sirc ddy truot, ¢o thé 1am ting myc nudc ngam
cao hon mat trugt,... trén khu vuc nghién ctru.

Chiéu sau va lugng nudc mua thim vao dat 1a
ham s6 cia nhiéu thong s6 (thdi gian mua, cuong
do mua, d6 thAm cta dat, 40 4m ban diu, 40 Am
bdo hoa cua dat, chiéu sdu muc nudc ngam,...).
Viéc tinh toan dinh lugng qua trinh nuéc mua tham
vao dat cung cép dir liéu quan trong ddi véi viec
tinh toan nguy co trugt 16 do danh hudng ciua mua.

Phuong phép giai tich tinh ngim nudc mua
trong dat khong thé thuc hién dugc ddi véi cac
truong hop mua cd cuong do thay doi theo thoi gian
va khong gian, ddc biét 1a cac thong sb lan truyén
am cua dit thay ddi manh mé& theo d6 Am. M6 hinh
s0 cho phép thuc hién chinh x4c qua trinh ngdm ciia
nuée mua vao dat dudi cac diéu kién nay phuc vu
cho viéc tinh toan danh gia én dinh trugt cua sudn
dbc duéi anh huong ciia cac ché d6 mua khac nhau.

Viéc md hinh chinh x4c qua trinh ngdm nuéc
mua trong dat néi chung va khu vyc nghién ciru
noi riéng con 1a co sé phuc vu xay dung mo hinh
dong chdy mat do nudc mua chay tran. Pay 1a co
s& phuc vu tinh toan can bang nudc khu vuc trong
danh gi4 tai nguyén nudc, dong thoi mé hinh chinh

xac dong nude mat do nudec mua chay tran phuc vu
cac cong tac thiét ké hé thong thu gom nudc mura,
ddc biét trong cong tac thiét ké cac cong trinh
chéng trugt.

Ghi nhan: Bai bao dugc hoan thanh trong khuon
kho thyc hién dé tai KC.08.33/06-10: Nghién ctru
danh gia, du bao chi tiét hién tugng trugt-16 va xay
dung cac giai phap phong chdng cho thi trin Coc
Pai huyén Xin Man, tinh Ha Giang.
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SUMMARY

Rainwater infiltration modelling for slope stability analysis in Coc Pai town-Xin Man distict-Ha Giang province

Rainfall plays an important role in formation of landslides by substantially changing the physico-mechanical
properties of the soil such as soil weight, cohesion, friction angle, pore water pressure etc. For a given soil, those
parameters are functions of soil moisture. Raiwater infiltration makes the change in soil moisture in space, especialliy in
the depth and in time. One specific rainfall event shall give a specific rainwater infiltration and moisture distribution and
therfore creates a specific distribution of physico-mechanical properties. Numerical moisture movement under given
rainfall event whould give a precise moisture ditribution in soil and therefore can effectively serve the slope stability
analysis and prediction. Rainwater infiltration and soil moisture movement modeling for the peak rainfall event in 2008 in
Coc Pai town, Xin Man district, Ha Giang province has been carried out, which provides an important input for effective

slope stability analysis and prediction of the area.
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