PHAN TiCH NGUYEN NHAN SU €O TRUOT BAI SONG HONG
TUONG UNG K29+850 BDEN K30+050 BE HJU HONG TAI SON TAY

PGS.TS. Nguyén Hong Nam
Bo moén Dia ky thuat, Pai hoc Thuy loi

Tém tit: Phén tich nguyén nhdn sy cé truwot bai séng Hong twong iing K29+850 dén
K30+050 dé Hiru Hé‘ng ngay 18/10/2010 tai Son Tay, Ha Ngi da dwoc thuc hién dua trén
co so phan tich 56 liéu quan sat thuc dia, hé so thiét ké, ho so khdo sat dia hinh dia chat
khu viee két hop véi mé phong on dinh triegt mdi theo phwong phdp phan tiv hitu han. Két
qua phan tich on dinh truot bdi song tai mat cat nguy hiém 2-2' véi nhiéu truong hop tinh
toan khdc nhau cho thdy nguyén nhan chinh gdy sat triwot bdi séng la do tdi trong cdt qud
6m chat trén bé mat bdi song va dia chdt nén béi ¢ lop dat yéu 2a. Nhin chung co su
phu hop gitra két quad mo phong va 56 liéu quan trdc thuce té vé hinh dang, vi tri mat truot.

I.  GIOI THIEU CONG TRINH

Cong trinh nghién ctru nam tai bd hitu song Hong, doan K29+850 dén K30+050,
thudc dia phan thon Héng Hau, phuong Phu Thinh, quan Son Tay, Ha No¢i, cach trung
tdm quan Son Tay khoang 1km. Tuyén ké doan tir km29+900 dén km30+050 duoc lat da
bao vé, chan ké duoc tha rfSng da gitr chan. Poan ke nay thudc myén ke chéng sat 10 bo
hiru song Hong doan K27+431-K32+00 dé Hitu Hong, thi x4 Son Tay, tinh Ha Tay (cii)
dugc thiét ké ndm 2008. Tir binh dd tuyén ké (Hinh 1) c6 thé thiy doan ké ndm sat bo
song cong. Mt cit ngang thiét ké ke dién hinh duoc thé hién trong Hinh 2.

] 5 ]

3 3 L. | s 5 F
: [+ [ = [ a]= [« ] « [ o] :] \ \
avgem () g H @ : 33 3 EE 8 D] L

Hinh 2. Mdt cdt thiét ké tuyén ké tai T119 (TTTVKTDD, 2008)



Tai tuyén ke nghién cuu ton tai hai dang dia hinh chinh: phén mat béng bén trén bo
song gdm cac bai dat tréng (noi cac doanh nghiép, ho dan khai thac cat, cac bai cat co
chiéu dai tir vai chuc dén hang trim mét, chidu cao tir 10-15m), khu vuc tap trung dan cu
va cac cong trinh xdy dung bén trén; va phan thém soéng va long song Hong. Chénh léch
cao do tu nhién cua hai dang dia hinh noi trén khoang tir 3-15m.

Theo béo céo ciia Hat quan 1y dé diéu Phuc Tho, sang ngay 18/10/2010 tai khu vuc
bo song dé hiru séng Hong d3 xdy ra sat 16 nghiém trong trén chiéu dai 200m, 14n sau vao
bo khoang 100m. Tai thoi diém bao céo, dinh cung sat chi con cach chan dé tir 30-40m,
gy anh hudng truc tiép dén an toan dé diéu va cac ho dan sdng trong khu vuye.

Van dé dit ra ddi véi viée xur 1y ké sat 16 bo hitu song Héng dia phan quan Son Tay
1a hét sirc khan truong nham ngin chin va dé phong nhiing phat sinh xdu trudc mua mua
béo.

II.  PHUONG PHAP PHAN TiCH

Dé phan tich nguyén nhan sy ¢d, cac phuong phap sau day duogc st dung:
2.1 Phan tich hién trang

Phan tich duoc thuc hién dua trén cac s liéu quan tric thuc dia ngay 4/11/2010 va céac
s lieu thu thap vao ngay xay ra su ¢6 (18/10/2010).

2.2 Phén tich 6n dinh ke khi chwa c6 khoi cat chat tai

Phan tich on dinh ke khi chua c6 khdi cat chat tai thuc hién dya trén ho so thiét ké ke
(TTTVDD, 2008), va Bao cao khao sat dia chat cong trinh sau khi xay ra su cd (CWRCT,
2010). Chu y rang trong doan ké nghién ciru, do tai liéu dia chat trong giai doan khao sat
trude khi xay ra sy cd chua duoc thu thap day da nén ching t6i phai sitr dung hd so dia
chat sau khi xay ra su cb. Mo phong bai toan 6n dinh dugc thuc hién theo phwong phap
phan tir hiru han, sir dung phan mém Plaxis, version 8.6 cuia Ha Lan (Brinkgreve va nnk,
2006).

2.3 Phén tich 6n dinh ké sau khi cé khdi cat chit tai

Phan tich 6n dinh ké sau khi c6 khéi cat chat tai duoc thyuc hién dya trén cac sd liéu va
phuong phap phan tich néi trén. Tai trong khoi cat dap trén bé mat dinh ke tai thoi diém
sat trugt dugc tinh voi chiéu cao dap trén 10m.

1. KET QUA PHAN TiCH VA THAO LUAN

3.1 Panh gia hién trang

Cac hinh 3 va 4 cho théy tal mat dat nén khu vuc mai bo song khu vuc sat truogt co
nhiéu dong cét cao tir 10 dén 15m trong ngay xdy ra su cd. Khu vuc nay 1a noi chta cat
duoc khai thac 1am vat liéu xay dung.

Viéc chit cat nhu vay lam tang tai trong bé mat, giam 6n dinh ké, tham chi co thé gay
truot.

Chung toi da tién hanh khao sat thuc dia vao sang ngay 4/11/2010. Mot s6 hinh anh
khu vue sat trugt duge thé hién trong cac hinh tir 5 dén 12 dudi day.



Hinh 3. Khoi cdt ddp cao nhin tir trén dinh dé xuong (CWRCT, 2010)

Hinh 4. Nhiéu khoi cat dap rdt cao tai khu vuc xdy ra sat truot (CWRCT, 2010)

Hinh 6. Khu vuc sat truot ké Hitu Hong nhin theo tuyén dé hitu Hong vé phia ha luu.



Hinh 8. Phan chdn khoi truot

C6 thé thay rang khu vuc sat trugt ¢6 chidu dai khoang 200m, chiéu rong khoang 100m
(Céc hinh 5-8). Tai hién trudng c6 hé sut sau khoang 10m (Hinh 9). Hinh thirc truot day
troi theo dang mit cong, bao gdbm nhiéu doan. Phéan day trdi trén bé mat gay bién dang
dét nén 3 rét, tai day chan cung truot xuét hién 16p dét sét mau nau do. DAt nén bi nirt né
rat manh (Hinh 10). K& bi pha v& thanh nhiéu phan, rat nhiéu ting ¢ nam ngdn ngang
trén mat dat sat mép song (Hinh 11). Do anh huong ciia khi truot, chan ké bi dy dich ra
phia long song khoang mdy chuc mét, lam bién dang duong chan ké ngang mép nudc
song (Hinh 12).

C6 thé nhan thiy rd pham vi ving truot va su bién dang dat nén theo bao cao khao sat
dia hinh duoc thyc hién ngay sau khi su ¢d xay ra (Hinh 14; CWRCT, 2010).

Hinh 9. Ho“sutd khodng 10m



Hinh 12. Ké dd cii bi ddy dich vé phia séng

Sau khi xay ra sy cb sat truot, cac dong cat cao trong bai (Hinh 3, 4) da dugc van
chuyén ra ngoai dé giam nguy co sat truot dé. C6 thé thiy ro ring viée chit tai trong bé
mit quéa 16n nhu vay lam ting tai trong tac dung 1én mai ke, c6 thé gay sat truot nghiém
trong. Ngoai ra, khu vuc nghién ctru cting thudc doan song cong (Hinh 1). Do vy mai dé
ciing chiu anh hudng ctia nude séong. Co thé thdy rang muc nude séng va muc nude ngam
c¢6 quan hé chit ché voi nhau. Dé danh gia anh huong x6i 16 bd song can nhiéu tai lidu,
trong d6 co chudi tai liéu khao sat dia hinh khu vyc vé dién bién thay d6i dia hinh bo va
long song. Do thoi gian c6 han nén nghién ctru anh hudng x6i 16 do dong song tai khu
vuc nghién ctru chua dugc thyc hién.

3.2 Panh gia diéu kién dia chit cong trinh
Theo Béo céo khao sat dia chét cong trinh (CWRCT, 2010), so dd bd tri cac hd khoan



duoc thé hién trong Hinh 13. C6 5 mit cit dja chat duoc lap tai khu vuc nghién ciru theo
chiéu tir thuong luu vé ha luu lan luot 1a cac mat cit 5-5', 1-1', 2-2', 3-3', 4-4". Trong d6
dang chu y 12 mat cat 2-2' (Hinh 14) di qua ving sat truot nguy hiém nhét véi hd sut sau
dén 10m (Hinh 9).

Dia tang chung ctia doan ké nghién tir trén xudng dudi bao gom céac 16p dat dudi day:

- L6p dat ddp bao gom dat 4 sét ning dén sét, mau xam nau, xam vang 1a 16p dat dap
dé hiru séng Hong.

- L6p 1: Thanh phan dét 4 sét nhe, mau xam, x4m nau 1an nhiéu r& ciy, mun thyuc vat,
san s0i. L6p 1 1a 16p dat bé mit bat gip trong cic mat cit ngang véi chiéu day tir 0.5 m
dén 2.0 m, trung binh 1.0 m.

- Lép 2: DAt sét dén 4 sét nang, mau xam, xam nau, xam vang, trang thai déo ctrng doi
chd déo mém. Lép 2 bat gip trong hau hét cac hd khoan trong cic mit cit ngang véi
chiéu day 16p tir 4.1m (KM5) d&én 11.3m (KMS8), trung binh 14 7.7m.

- Lép 2a: Dit sét dén 4 sét ning, mau xam, xam nau doi chd xen kep cac 16p dat co
chtra hitu co, trang thai déo mém dén déo chay. Lop 2a bat gip trong hau hét cac mit cat
ngang véi chiéu day tir 1.2m (KM2) dén 10.2m (KM16), trung binh 5.7m.

- Lop 2b: Dit 4 sét trung, 4 sét nang dén sét xen kep, mau xam, xam ghi, trang théi déo
ctng dén déo mém. Lép 2b gip trong hau hét cac mat cit ngang voi chidu day 1.7m
(KM2) dén 13.3m (KM6), trung binh 7.5m.

- Lop 3: DAt 4 cat, mau x4m xanh, xam tréng, két cAu chat vira dén chat. Lép dét 3 bat gap
trong hau hét cic mit cit ngang v6i chiéu day tir 1.3m (KM1) dén 15.5m (KM12), trung binh
8.4m.

- Lop 3a: Cat hat min, mau xdm vang bao hoa nudc, két cau chit. Lop 3a bat gap tai
mat cit ngang 1-1° va 3-3” véi chiéu day 16p tir 1.5m (KM7) dén 11.5m (KM1), trung
binh 6.5m.

- L6p 4: Cudi soi 1an cat san, mau xam tréng, Xam vang, két cAu chat. Kich thudc cudi
tir 2-10cm, tron canh véi thanh phan 1a thach anh. Lép 4 bat gip trong tit ca cic mit cat
ngang voi chiéu day khoan tir 5.0m dén 10.0m van chwa qua 16p 4.

Chi tiéu co 1y cac 16p dat dugc tom tit trong Bang 1.

Theo bao cdo khao sat dia chat cong trinh, ¢ thé thiy ring:

- Lop dét dép thudce loai dat c6 ste chiu tai tt, tinh bién dang trung binh, tinh thdm nudc
yéu.

- Lép 1, 2, 2b: thudc loai dét co strc chiu tai kha, tinh bién dang trung binh, tinh thAm nudc
yéu.

- Lop 2a: thudc loai dat o cuong do chiu tai yéu, tinh bién dang trung binh dén manh,
tinh thAm nudc yéu.

- L6p 3: ¢6 cudng do chiu tai kha, tinh bién dang nho, tinh thAm nudc vira

- L6p 3a: thudc 16p dat chiu tai khd, bién dang trung binh.

- L6p 4: ¢6 stic chiu tai tot.

C6 thé thiy rang 16p dat 2a thudc loai dat sét, 4 sét ndng, mau xam, xam nau doi chd
chira hitu co, trang thai déo mém dén déo chay, 1a 16p dat yéu. Su 6n dinh nén cia tuyén
ké phu thudc chu yéu chiéu day, sy phan bd, chi tiéu co 1y cua 16p dt 2a.

3.3 Panh gia on dinh trugt mai ké theo thiét ké
3.3.1 M6 phoéng bai toan



Bing 1. Chi tiéu co Iy cic 16p @it (CWRCT, 2010)

Chi tic Teén lop gg Lopl | Lép2 |Lop2a|Lop2b|Lop3| Lop3a |Lop 4*
Thanh phéan hat (%)
Sét 7.0 338 | 382 | 274 | 52 2.0
Bui 189 | 406 | 39.7 | 341 | 19.7 12.3
Cét 65.6 | 245 | 217 | 380 | 74.3 82.1
S6i san 8.5 1.1 0.4 0.5 0.8 3.6
Gidi han Atterberg (%)
Gi6i han chay W 249 | 41.35 | 44.97 | 36.54 | 24.76 24.05
Gi6i han lan Wp 16.3 | 24.68 | 27.64 | 21.71 | 19.18 18.15
Chi s6 déo W 8.6 16.7 173 | 148 | 56 5.9
Do sét B 042 | 048 | 067 | 0.44 | 0.30 0.50
Do 4m tu nhién We (%) 19.9 | 326 | 39.25 | 28.26 | 20.83 21.10
Dung trong uét vy, (T/m°) 1.85 1.83 1.83 1.69 1.85 | 1.85 1.86
Dung trong kho v, (T/m°) 1.52 1.38 1.22 1.44 | 1.53 1.55
Ty trong A 272 | 266 | 271 | 271 | 271 | 2.66 2.65
D) rong n (%) 431 | 490 | 55.1 | 467 | 42.3 41.6
Heé s rong € 0.757 | 0.970 | 1.242 | 0.879 | 0.732 0.713
Do bdo hoa G (%) 70.1 | 90.8 | 868 | 870 | 754 75.1
Luc dinh Ce (KG/cm?) | 020 | 0.10 | 0.18 | 0.14 | 0.18 | 0.09 0.08
G6c ma sat trong oy, (d0) 15°00° | 16°56° | 12°24° | 8%20° | 14%6° |18%54°| 20%22
G6C ma sat trong oy, (d0) 15°00° | 16°56° | 12°24° | 8%20° | 14%6> [18%54°| 20%22
Coang thii KG/cm?) 019 | 013 | 0.14 | 0.06 | ey | 0.707
Qrang tha (d06) 11°00° | 7°%40° | 13%27° | 18°03’ | epax | 1.106
Coang thii 1 (KG/cm?) 020 | 014 | 0.15 | 0.07 | @ue |29°51
Oirang thii 1 (d6) 11°18> | 7°58° | 13%55° | 18°22’ | @y | 25°20°
Heé s6 nén lin a,, , cm?/KG 0.025 | 0.037 | 0.047 | 0.036 | 0.024
Mo dun tong bién dang E, 120 130 130 40 100 | 140 200 500
KG/cm?
Hé s6 thim K (cm/s) 1.0x | 20x | 25x | 1.5x | 20x | 15x 1.0x 5.0
10° 10 10° 10° 10° | 10* 1072 107
Ghi cha: *: S liéu c6 tinh chat tham khao
Bing 2. Cdic tham sé mé hinh dit
i} Mame Tvpe Vupsss Veat k, ky v E\f Cref @ ur
(kim ] Wim>] | [mjday] | [miday] | [-1 gim=] | [kym®] | [e] (=]
1 dat dap 18,5 18,5 &.6400E-4 | 5.6400E-4 0,30 S000,0 20,0 15.0 0.0
2 1 Drained 18,3 19.5 01728 01725 0,30 96224 10,0 16,9 0.0
3 2 UnDrained 158.3 18.7 2,1600E-3 | 2,1600E-3 0,35 4259.0 15.0 12.4 0.0
UnDrained 16,9 17.7 1,3000E-3 | 1,3000E-3 0,35 3816.0 14.0 8.3 0.0
UnDrained 18.5 19.1 1.7300E-3 | 1.7300E-3 0,35 4176.0 18.0 14,7 0.0
-] & Crained 18.5 19.5 0,129 0,129 0,30 5773.0 9.0 18,9 0.0
7 3a Drained 18.6 19.7 8.6400 8.6400 0,30 10000,0 g.0 20,4 0.0
g 4 Drained 158.0 20.0 4,3200 43200 0,30 1ES 1.0 35.0 5.0
Drained 16.0 20,0 2.6400 2.6400 0,25 10000.0 1.0 350 5.0
Drained 23.0 23.0 8.6400 8.6400 0,25 1E6 1.0 40.0 10.0
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Hinh 13. Sor d6 bo tri ho khoan (CWRCT, 2010)
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Hinh 14. Mt cdt dia chat 2-2' (CWRCT, 2010)

S

M6 phong dugc thuc hién theo so
dd bai toan bién dang phang. Ludi
phan tir hitu han bao gdm 1573 phan
tr tam gidc bién dang phang, 15
diém nat. Mat cat mo phong va ludi
phén ttr hitu han duoc thé hién trong
Hinh 15.

3.3.2 Két qua tinh toan
Két qua tinh on dinh trugt theo
phuong phap phan tir hitu han, sir
dung k¥ thuat giam cuong do chong
cat (Matsui va San, 1992) cho hé s
an toan on dinh FS=1.1 (Hinh 16,
17). Gia tri hé s6 6n dinh tinh toan
ctia mai ke thiét ké xdp xi hé s6 an
toan 6n dinh cia mot dap cap III
trong giai doan thi cong theo
TCXDVN 285-2002.
Nguyén nhén gia tri hé s6 6n dinh
ciia mai ké thap 1a trong dit nén ton
tai 10p dét yéu sb 2a.

3.4 Panh gia 6n dinh trwet mai

ke do dip cat gia tai
3.4.1 M6 phéng bai toan

Dé phan tich nguyén nhan gay sat
truot, phan tich 6n dinh mat cit keé 2-2'
noi trén da duoc thuc hién, c6 xét cac
truong hop gia tai do 16p cat chat dong
trén bé mat dinh ké gy ra (Hinh 18).

Hinh 15. MGt cdt tinh 6n dinh madi ké (khong chat tdi cat)

Theo kich ban chat tai cat vat liéu xay dung trén dinh ké, phan tich ing sut bién dang,
6n dinh bai séng can dugc thyuc hién ddi véi cac chiéu cao khdi cat thay doi tir 0-15m dwa
trén khdo sat hién trang va thu thap s6 liéu khao sat khac tai khu vuc nghién ctru lién quan
dén tinh hinh van chuyén, luu giir cat xay dung tai b séng. Tuy nhién, do khéi luong tinh
toan 16n, chiing t6i tap trung xét mot vai truong hop thuc té can ctr vao kich thude, pham
vi phan bd cua bai cat vat liéu tai hién truong tai thoi diém ngay sau khi xdy ra su cd va



céc bao c4o khao sat dia chat va dia hinh khu vuec sat truot.

Hinh 16. Phan tich co ché mat on dinh mdi Hinh 17. Két qua tinh on dinh mdi ke
ke (khong chat tai cat)
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Hinh 18. MGt cdt tinh todn trong truong hop cé khéi cdt gia tdi
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Hinh 19. Lin sut manh trén dinh ké do chat tdi cat dcfp véi chiéu cao H=13m.

Do d6 phan tich duoc thuc hién d6i voi mot khdi cat dip hinh chdp ¢6 chidu cao 13m. Tai
trong khdi cat ddp 16n nhit véi chidu cao néi trén tuong dwong q=208 kN/m? dugc st dung
phén tich.

Phén tich phan tir hitu han, sitr dung phadn mém Plaxis dugc 4p dung tuwong tu trudng
hop phan tich 6n dinh ké khong c6 tai trong bé mat noi trén. Chii ¥ rang ca hai trudng hop
(muyc 3.3 va 3.4) déu dugc phén tich trong cling mot bai toan, chi khac nhau & cac bude
phan tich theo trinh ty thoi gian c6 xét dén viée dap cat gia tai bé mat. Myc nudc song tai
cao trinh +5,0m, duoc lay tai thoi diém ngay sau khi xay ra sy ¢d theo két qua khao sat
dia chit cia CWRCT (2010).

3.4.2 Két qua tinh toan
Két qua phan tich Gmg suat bién dang cho thay ké bi pha hoai nghiém trong (Hinh
19). Pat nén trén dinh ké bi 1an sut véi bién dang 16n. K& bi mat 6n dinh.
C6 thé thay rang két qua md phong phu hop véi sb lidu quan tric thyc té vé hinh



dang va vi tri khdi trugt (xem hinh 14 va 19). Tuy nhién vé gia tri tuyét d6i cua bién dang
thi két qua mé phong va sd lidu thuc té c6 su khac nhau. Ly do su khéac biét co thé 1a do
phuong phap phan tir hitu han c¢6 han ché khi moé phong bién dang rat 16n sau pha hoai
cua dat da.

Tir két qua mo phong nodi trén co thé khang dinh rang khéi cat dip gia tai trén bé mat
ké v6i chiéu cao rat 16n tir 10-15m 13 nguyén nhan chu yéu gay ra sy cb sat truot by dé
hitu Hong. Ngoai ra diéu kién dia chat ke voi 16p dat yéu sb 2a cling 1am giam 6n dinh dé
va bién dang qua 16n dudi tac dung cua tai trong rat 16n do khoi cat gay ra trén bé mit bai
song.

Chu y rang tai thoi diém sat truot khong xay ra dong dat tai khu vuc nghién ctru nén
anh hudng hoa long khong dugc phan tich trong nghién ctru nay.

Do khong c6 tai li¢u dia chét khu vuc du 4n tai thoi diém trude su cd nén viée khoi phuc
chinh x4c vi tri dia tAng cac 16p dat trong pham vi cung truot trude khi xay ra sy ¢b c6 kho
khan, néu chi dua trén hd so khéo sat dia chit tai thoi diém sau su cd. Tuy nhién, sai sd nay la
nho.

I1l. KET LUAN

Qua két qua thu thap tai liéu, phan tich hd so thiét ké, bao céo khao sat dia hinh, dia
chét, khao sat thuc dia, va phan tich mo phong bai toan ung sut, bién dang, on dinh ke
theo phuong phap phan tir hitu han c6 xét va khong xét tai trong khéi cat dap trén dinh ke,
c6 thé rut ra nhitng nhan xét dudi day.

Poan dé Hiru Héng tai khu vyc nghién ciru (K29+850-K30+050) la doan dé yéu vi
trong nén dé, phia ngoai bai song c6 16p dat yéu 2a phan bd trong toan bd khu vuc véi
chiéu day noi 16n nhit khoang dudi 10m, tai cic mat cat 2-2', 4-4' va 5-5'.

Phan tich On dinh truot mai ké tai tai mat cit nguy hiém 2-2' cho théiy theo thiét ké, ke
c6 hé sb an toan 6n dinh FS=1.1 d6i v6i truong hop thi cong xong, muc nudc séng & cao
trinh +5.0, trén dinh khong c6 tai trong.

Trong truong hop trén mit bai song c6 chat tai cat, két qua mo phong tng suét-bién
dang tai mit cit 2-2' theo phuong phap phan tir hiru han cho thiy khéi cat dip cao tai bé
mat dinh ké 13 nguyén nhan cha yéu gay sat truot ké. Nhin chung c6 sy phu hop gitra két
qua mod phong va s6 liéu quan tric thuc t& vé hinh dang, vi tri mat truot.
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Abstract

ANALYSIS OF SLOPE FAILURE OF THE RIGHT BANK OF RED RIVER,
CORESSPONDING TO K29+850-K30+050 RED RIVER DYKE AT SON TAY

Assoc. Prof. Dr. NGUYEN HONG NAM
Division of Geotechnical Engineering, WRU

Analyses of the reasons for the failure of the right bank of the red river dyke (K29+850-
K30+050) on 18/10/2010 at Son Tay, Ha Noi were carefully implemented. Several methods
of analysis were applied based on the collected data at field, design record, topographical
and geological record after the failure and numerical modeling of slope stability by using
FEM. The analyzed results on the revetment critical cross section 2-2° revealed that the
main causes for the failure of the right bank were the placement of heavy sand pile on the
right bank and the soft soil 2a in the foundation. In general, there was a consistency between
the simulation results and observed data regarding to the shape and location of the deepest
slip surface.



