18

Lé Van Thao

MO HINH SO 2D DE PANH GIA KHA NANG XOI HAT MIN CUA
PAP PAT PHU VINH - QUANG BINH
A 2D NUMERICAL MODEL TO ASSESS THE SUFFUSION SUSCEPTIBILITY OF
THE PHU VINH EARTH DAM - QUANG BINH

Lé Vin Thao”
Trweong Pai hoc Bach khoa - Pai hoc Da N5ng1

“T4c gia lién hé: lvthao@dut.udn.vn
(Nhén bai: 16/8/2021; Chép nhan dang: 20/9/2021)

Tém tit - X6i ngdm 1a mot trong nhitng nguyén nhén gay ra su
mét 6n dinh ciia nhiing két ciu dap thiy luc. Tién trinh x6i ngdm
6 thé phén ra thanh bdn loai: X6i 1o ri, x6i kéo theo, x6i tiép
xtc va x6i hat min. Bai bao nay dé cap dén van dé x6i hat min,
tuong tmg véi tién trinh tach, van chuyén va loc ciia nhimng thanh
phin hat min vao trong khong gian 15 rdng ciia nhitng hat tho.
X6i hat min dwoc danh gia théng qua chi s6 khang x6i. Nho vao
phan tich théng ké dang ton tai, chi sé khang x0i dwoc danh gia
tir mot vai tham s cua dat. Muc dich cua bai bao 1a chi ra mot
phuong phéap dé danh gia kha ning x6i hat min cta dap dit dya
vao trudng ngau nhién. Minh hoa s dé danh gia kha nang xoi
ctia ddp déat Pha Vinh dugc trinh bay & bai bao nay. Két qua chi
ra sy thay ddi trong khong gian hai chiéu cia chi sé khang x6i
va xac sudt xay ra x0i.

Tir khéa - Chi 6 khang x06i; x6i ngﬁm; x061 hat min; truong ngﬁu
nhién; mo hinh so

1. Dt van d@é

Nhimg két cdu thuy lyc nhu dép, dé... cung cAp nhiéu
101 ich trong cudc song hang ngdy cua ching ta nhu cung
cAp nang luong, cung cap nudc, diéu khién Ii lut... Sy hu
hong cuia nhitng két ciu nay co6 thé tao ra nhimng tham hoa
16n dbi v6i con nguoi va tai san. Theo [1], x6i ngam la mét
trong nhimg nguyén nhén chinh gay nén sy mat 6n dinh
ctia nhitng cong trinh nén dip nhu dép, d¢... Hién tuong x6i
hat min 1a mot kiéu ctia x6i ngdm, x6i nay tuong ung voi
tién trinh tach va sau do6 van chuyén nhitng hat min nhét
vao khong gian 16 rong cta nhimg hat c6 duong kinh 16n
hon. Tuy nhién, mot thanh phin cua nhitng hat tach co thé
sap x€p lai hodc dugce loc trong khong gian nhiing 16 rong.
Tién trinh nay c6 thé gy ra mot sy tit nghén cyc bo. Ba
tiéu chuén dugc dua ra boi [2] cho su xuét hién cua x06i hat
min: C& hat min phai nhé hon ¢& hat tho, thé tich ciia nhimg
hat dit min phai it hon thé tich 15 rong ciia nhitng hat tho,
van toc ctia dong chay di vao dat phai di cao dé di chuyén
nhiing hat min nhét thong qua 16 rdng. Hai tiéu chuan dau
lién quan dén két cau ciia dat, cai tiy thudc vao duong cong
cap phdi. Vi vay dé danh gia kha nang xo6i hat min, nhing
nha nghién ciru trude da dé xuat phuong phéap danh gia chi
dwa vao duong cong thanh phan hat [3], [4], [5], [6]. Nhém
tac gia [7] da phén ra 3 dang duong cong thanh phén hat:
Cép ph01 tuyen tinh bao gdm céc loai dét v6i nhitng hat
phan b dong déu hodc cho nhirng loai dit c6 thanh phan
hat min phan b6 dong déu. Dang 2 tuong tmg véi nhing
loai dit c6 nhitng c& hat bi thiéu, va dang 3 tuvong tng véi

Abstract - Internal erosion is one of the main causes of instabilities
within hydraulic earth structures. Four types of internal erosion can be
distinguished: Concentrated leak erosion, backward erosion, contact
erosion and suffusion. This study deals with suffusion process which
corresponds to the coupled processes of detachment-transport-filtration
of the soil’s fine fraction in the voids between the coarse fraction. The
suffusion of the soil samples is evaluated by an erosion resistance index.
Thanks to existing statistical analyses, the erosion resistance index is
estimated from several soil parameters. The paper aims at presenting a
general method to assess the suffusion susceptibility of the earth dams
based on a Normal random field. An illustration of a numerical
simulation to assess the suffusion susceptibility of the Phu Vinh earth
dam is showed. The results show the variability spatial of erosion
resistance index and probability of failure.
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nhing loai dat khong 6n dinh. Tiéu chuan thir 3 lién quan
dén su hoat dong cta dong chay doi hoi sy tach va sau do
vén chuyén ctia nhitng hat min. Thanh phan tach cta nhiing
hat min c6 thé sap xép lai hoic lot vao khong gian 16 rong
[8], [9], [10], [11], [12]. Nhing tién trinh nay tham chi co
thé gay ra sy tat ngh&n cuc b, cong vai su thay doi van toc
dong chay va 4p suat ban dau. Vi vay su thay ddi cua ca
dong thdm va gradient 4p suét phai dugc quan tam dé danh
gia tai trong thuy lyc. Mot cach de xem xét ca sy thay doi
van tbc thAm va gradient ap sudt dugc dién ta boi ning
lwong tiéu hao boi dong thim [13], [14].

Dé danh gia kha ning x6i hat min da vao phuong phap
ning luong, Nhom tac gia [15] da d& xuit nhitng phuong
trinh twong quan giita chi s6 khang x6i voi cac dic trung
co ly ctia dat. Myc tiéu ciia bai bao sé& chi ra su thay doi
khong gian cua chi sé khang x6i I, trong co thé dap.

2. Phwong phap xdy dung md hinh s6

Nhom tac gia [13] da dé& xuét cong thirc tinh chi sd
khéng x6i 1, (cong thic 1) va dua vao gia tri clia chi sd
khang xoi

I, = - log (cumulative loss dry mass/Eiow) (-) (1)

Trong d6, “cumulative loss dry mass” la khéi luong kho
bi mat tich lity; Esiow [J] 12 tich phén theo thoi gian cua tong
nang lugng dong chay (Pfiow)

Priow =pg AZ Q + Q AP 2
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Q: toe do dong chay (m3/s) AP: do ha ap suit giita dinh
va day cia mau; Az: chidu cao clia mau.

Su phén loai x6i hat min tir “x6i cao” cho dén "‘khéng
x61” dugc dua ra trong [15] twong ung nhu sau: Néu [.< 2
X061 cao; 2 < I,< 3 x06i; 3 < 1,< 4 x0i vira; 4 < I,< 5 khang
vira va I, > 6 khang x0i.

Phuong trinh twong quan gitra chi s6 khang x6i véi
nhiing dac trung co 1y cua dat nhu sau [15]:

- D6i voi tht ca cac loai dat:

lo=-13,57 + 0,43y4 + 0,18¢ — 0,02Finer KL + 0,49Vgs

+ 189,70ki + 3,82min(H/F) + 0,18P + 0,28G;
+ 19,51d5 + 1,06d15 — 0,84dzo + 0,81d50 - 0,98d60
- 0,10dgo (N=31, R? = 0,94) (3)

‘Trong do: kilahé s6 thim ban déiq; min(H/F) gia tri nho
nhat dya vao do thi H va F; Gy 1a ti s dmax/dmin.

- Dbi voi dit c6 dudng cong thanh phan hat thudc “gap-
graded”

lo=-37,62+0,67yq + 0,64¢p + 0,09Finer KL — 0,03Vegs

- 1,43P + 0,63G; + 0,76ds -0,97dso + 0,61dgo

(N=21, R? = 0,94) 4

- Déi véi dét thudce “widely graded” phwong trinh trong
quan nhu sau:

lo=-26,34 + 0,43y4 + 0,66¢ — 0,16Finer KL + 1,15Vgs

+0,37P + 6,82ds - 1,26 dso (N=10, R2=0,99) (5)

Trong phuong trinh (3), (4), (5), phuong trinh (3) duoc
nhém tac gia [15] thuc hién cho tat ca cac loai dat va cac loai
dat nay dugc tach ra hai loai “gap-graded soil” ctia phuong
trinh (4) va “widely- graded soil” ciia phuong trinh (5).
Trong d6:

va: Trong luong riéng kho cua dat;

¢: GOC ma sat trong ctia dat;

Finer KL: Ham luong hat min dya vao tiéu chuin
Kenney va Lau [3];

Vgs: Gia tri “Blue methylene value”;

P: Phan trim hat min nho hon 0,063mm (P=24%);

ds, d1s, d2o, ds, deo, deo: Puong kinh twong tmg véi 5%,
15%, 20%, 50%, 60% va 90%.

Trong phan nay, nhimg thong sO dac > trung cua dat duoc
dua vao mo hinh s6, str dung truong ngau nhién Stochatics
2D. Truong ngiu nhién nay dugc tac gia [16] nghién ctru.
Trong mdt phuong phap phan tir hitu han ngau nhién, cac
bién khong gian v, ¢, Finer KL, P, ds, deo cia phuong trinh
(3) dugc mo phong boi mot truong ngiu nhién voi hé s6
cov = 0,05 va duoc lién két vao ludi phan tr hitu han.
Nhiing két qua su thay doi khong gian ciia chi s6 khang x6i
va nhitng thong s khac cua dit véi nhitng ban dd mau hai
chiéu (2D) khac nhau duoc chi ra.

3. Minh hoa s6 d4nh gia kha ning x6i hat min ciia dap
dit Phii Vinh - Quing Binh
3.1. Hign trang ciia dip dit

HO chira nu6e Phit Vinh 1a mét trong nhitng cong trinh
hd chira nuéc 16n cua tinh Quang Binh. Tir khi cong trinh
dua vao st dung cho dén nay, da goép phan dua céac dia

phuong vung huong lgi x6a dugc doi, giam duoc nghéo,
ddng thoi gop phan dang ké trong viée phat trién kinh té,
dan sinh va 6n dinh an ninh lwong thyc ngudi dan tinh
Quang Binh. Pa qua 24 nam st dyng, mdt sb hang muc
(dap dat, tran xa lii, thap cong lay nudc, duong quan 1y...)
da xuéng cap. Dap dat dong chat, mai thuong luu dép gia
b bang da lat khan va chit mach da xuong céap. Dinh dap
rong 5m bang dat cap phéi, hién nay bi x6i 10, xuong cap.
bac biét, khi mua xudng, bé mat dinh dap tré nén lay, tron
truot, cdc phuong tién quan ly, ctru hd di lai trén mat dap
gap nhiéu kho khan.
3.2. Cic théng soé dic trung co ly ciia cdc l6p dit

S6 liéu dia chét can ctr vao mat cat hién trang Hinh 1,
c6 bdn 16p vat liéu: Lép 2a (16p dat dép), 16p 2, 16p 3a va
16p 3D, 16p 1b (16p dat nén) cac 16p dat nay c6 tinh chit co
ly thé hién ¢ Bang 1. Trong luong riéng cac 16p dat tir
18 kN/m3 dén 21 KN/m3, goc ma sat trong tir 13 dén 39 d9,
céc thong sb khac nhu lyc dinh, hé sé tham dugc dugc chi
tiét & Bang 1. Panh gi4 xo6i hat min tap trung & phan than
dap cu thé 1a & 16p 2a.

+24,5m

+9,12m

Hinh 1. Mdt cdt ngang hién trang 1op 2a cia ddp Phii Vinh
Bing 1. Chi tiéu co' Iy ciia cdc I6p dat

Ten | PO | Dungtrong | Luc Dinh Goécma| Hgsd
16p dit AmW | Kho yk TC ctc2 s?ct TE? thdm k
(%) (T/Im3)  [(KG/cm?) | ¢ (@) | (cm/s)
2a | 19,9 1,69 0,253 | 13°47' | 1,96.10*
2 16,1 1,58 0,010 | 38°0" |5,00.102
3a | 206 1,66 0,243 | 14°47' | 8,25.10°
3b | 183 1,68 0,351 | 15°26' | 2,18.10°
1b 0,152 30°0" | 3,96.10

3.3. Sw thay déi khong gian 2D ciia chi sé khing xdi
trong dip dit

Chi sb khang x6i dwoc danh gia cho dap, sy danh gia
nay dua vao phuong trinh théng ké (5) tir tit ca cac mau
d4t co duong cong thanh phan hat “widely graded’. Bai
todn nay duogc lap trinh toan dya vao trudong ngﬁu nhién.
Trong sb 7 thong sé cua phuong trinh (5), gia tri cua Blue
Methylene Value (VBS) dugc xem 14 khong dbi trong dép
va ldy gia tri Vas= 0,5¢/100g. Nhirng thong s0 khac dugc
dwa vao mo hinh sb st dung trudng ngau nhién hai chiéu
Stochatics 2D. Két qua cta chi s khang x6i véi ban do
vién mau 2D dugc chi ra trong Hinh 2. Mot vai vi tri trong
dap chi ra sy khang x6i thap v6i xo6i hat min (mau xanh).
Mot vai khu khac védi mau vang hién dién sy khang cao véi
x6i hat min. Nhiing gid tri du doan cua Ia nam trong
khoang tir 1,5 dén hon 6.

Két qua trong Hinh 2 da chimg minh rang, c6 sy thay
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d6i khong gian 2D cua chi s6 khang x6i trong tién trinh xay
dung. Vi vdy su thay d6i khong gian 2D ciia chi s6 khang
X6i can phai dugc nghién ciru trong dap dat. Xac suét that
bai cua dap tuong Gng vadi sy phan loai x6i hat min dugc
chi ra trong Hinh 3 va duoc liét ké chi tiét nhu sau: Vi X0i
cao (o < 2) chiém 1%; X6i (2 < Ia < 3) chiém 7%; Xoi
vira (3 < Ia < 4) chiém 40%; Khang x6i vira (4 < Ia < 5)
chiém 40%; Khang x06i (5 < Ia < 6) chiém 11%; Khang x0i
cao (Io > 6) chiém 1%.

2D SFEM of Erosion Resistance Index

Elevation-Y (m)

Distance-X (m)

Hinh 2. Bdn d@6 mau vé sw thay déi 2D ciia chi s6 khéng xéi
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Hinh 3. Xdc sudt that bai ciia ddp ddt

3.4. Ban ludn

Trong than dap xuét hién cac vi tri x6i cao, x6i vira,
khang x6i boi vi trong thuc té khai thac, cac tinh chat co Iy
cuia dat nén, thong sé dau vao lién quan dén thanh phan hat
cuia dat ddp, ... thay doi rt nhiéu so véi gia tri thiét ké ban
dau do anh huéng cta nhiéu yéu t6 khac nhau. Pic biét
dudi sy anh hudng cia cac yéu t6 ngiu nhién nhu trong
luong riéng, goc ma sat trong... theo khong gian va thoi
gian, didu ndy gy ra su khac nhau vé chi s khang x6i Ia
tai cac vi tri trong dap.

4. Két luan va kién nghj

Nghién cuu da thiét 1ap duwoc mot chuong trinh méi dé
danh gia kha nang x6i ngam, sir dung truong ngau nhién
2D Stochatics. Phuong trinh twong quan giira chi s6 khang
x6i va nhiing théng s6 vat 1y cta nhiing loai dat c6 duong
cong thanh phan hat tot dugc sir dung dé mé phong su thay

d6i khong gian ciia chi sb khang x6i va nhiing thong s6 vat
ly khac ciia dat. Xay dung mot ban d6 mau 2D cua chi sb
khang x6i cuia dap Phu Vinh-Quang Binh. Chi ra dugc mot
0 Vi tri cia mat cat ngang c6 chi so6 khang x6i cao va mot
vai vi tri khac chi sé khang x6i thap.

Dé nghi qﬁn phai quan tim dén sy thay d6i khong gian
2D cua chi s6 khang x6i la.

Loi cam on: Bai béoNdu(jc tai trg bai Tru(‘m,g Pai hoc Bach
khoa - Pai hoc Ba Nang vai dé tai ¢6 ma s6 T2021-02-26.
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