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NGHIEN CUU MO PHONG QUA TRINH VO CUA
PAP PHAN LAN 1 - VINH PHUC DO LU TRAN PINH

P Thi Thuy Dung', Nguyén Canh Thai’, Pinh Xuén Trong'

Tém tat: Lii tran dinh ddp la mét trong nhitng nguyén nhdn chinh gdy vé dap doi véi cdc ddp ddt ¢
Viét Nam ciing nhw trén thé gidi. Tinh trang hw hong, xuong cdp, khéng dam bdo kha ning chéong
lii, v.v... dd lam gia tang nguy co tran dinh cho cdc dap dat truée dién bién bdt thuong cia mia li.
Viéc nghién citu co ché xéi cia dat dudi tac déng cia dong chay tran da va dang dwoc cdc té chirc,
cd nhan quan tém ¢ moi cdp dg. Trong bai viét nay, cdc tdc gia da mé phong lai si c6 vé dap Phdn
Ldn 1 do nuoc tran dinh trong tran lii ngay 03/8/2013 thong qua tinh toan khoéi phuc tran i, thi
nghiém xdc dinh hé s6 x6i va ing sudt cdt t6i han cia dat dap ddp, phan tich dién bién x6i cia ddp
bang phan mém EMBANK. Két qud nghién ciru c6 thé vin dung dé dwa ra cdc vmg xir kip thoi cho

cdc dap co nguy co tran dinh.

Tir khoa: Dap dét, I tran dinh dap, x6i mai dap, vo dép.

1. PAT VAN PE

Vi 6.648 hd chira thuy lgi (Tong cuc Thay
loi, 2015) va phan 16n trong s6 d6 1a dap dat
duoc xay dung cach day trén 20 nam, Viét Nam
dang dung trude thach thire 16n vé an toan cho
cac dap nay boi su xudng cip cta cong trinh
cling nhu dién bién bit thudng cta khi hau.
Cung vdi céc van dé vé thAm, nén mong, v.v...,
I tran dinh dap do It vuot tan suét, tran khong
du nang lyc x4, sai sot trong thiét ké, van hanh
la mot trong nhitng nguyén nhan chinh gay ra su
cd d6i voi dap dat. Pa co nhiéu su cb dap do
tran dinh xay ra trong vai nim gan day nhu Pam
Ha Dong (2014), DPackrong 3, bBack Mek 3,
Phan Lan, Pong Pang, Thung Coi (2013).

Duéi tac dung cua dong chay tran, cac hat
dat bi cudn troi khoi két ciu dan dén x6i 16 mai
dap. Toc do xo6i phu thudc vao nhiéu yéu td: tinh
chat co 1y cua dat, toc do cua dong chay va kich
thudc, hinh dang cua cac vat can trén mai dap.

Trong bai viét ndy, cac tac gia dd mod phong
lai sy ¢b v& dap Phan Lan 1 do nudc tran dinh
trong tran 18 ngay 03/8/2013 thong qua tinh toan
hoan nguyén tran i, thi nghi¢ém xac dinh hé )
X01 va ng sudt cit toi han cua dat dip dap va

"'vien Thity cong — Vién Khoa hoc Thuy loi Viét Nam.
2 Truong Pai hoc Thuy loi.
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phan tich dién bién x6i cia dap bang phan mém
EMBANK.

2. GIOI THIEU VE PAP PHAN LAN -
VINH PHUC

Hb chira nuée Phan Lan 1 duoc xdy dung tir
nam 1960 trén dia phan xa Pao Tru, huyén
Tam Dao, tinh Vinh Phac. Nam ¢ ha luu dap
Phan Lan Thuong, hd Phan Lan 1 chiu anh
hudng tryc tiép khi hd Phan Lan Thuong xa lil.
Dién tich Iuvu vuc tinh dén vi tri tuyén dap Phan
Lan 1 1a F = 5,0km’; trong do, dién tich luu
vuce hd Phan Lan Thuong 3,1km2, dién tich khu
giita (tr dap Phan Lan Thuong dén dap Phan
Lan 1) 1a 1,9km’.

| H6 Phan Lin thuong

| HOPhanLan 1 |

Hinh 1. Ban dé lwu vuc hé Phédn Lan 1
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Pap Phan Lan 1 c6 chiéu dai 20,8m; chiéu
rong dinh dap 4,25m; chiéu cao dap 16n nhét
5,0m; cao trinh dinh dap +56,0m; két cdu dap
dat dong chat.

Ngay 03/8/2013 do anh hudng cua con bdo sb
5, tai dia ban xa Pao Tru da xdy ra mua 16n,
luong mua do duogc tur 8 gio tdi 16 gio tai Vinh
Thanh 1a 235mm; lugng nudce 1i tap trung nhanh,
d6 don vé dap Phan Lan 1. UBND xi Pao Tru da
huy dong luc lugng dung bao tai dat dap ngin I,
song do It vé nhanh, luu luong lon, nudce da tran
qua dinh dap giy x6i 16 va din dén v& dap vao
lac 19 gio. Hinh 2 thé hién hién trang dap Phan
Lan sau su ¢ v& dap ngay 03/8/2013.

e

Hinh 2. Dap Phan Lan 1 sau sy c6 Vo dap

3. NGHIEN CUU MO PHONG QUA
TRINH VO CUA PAP PHAN LAN - VINH
PHUC DO LU TRAN DINH

3.1. Co sé ly thuyét x6i mit dap dudi tac
dung cia dong chay tran

Vén dé x6i ciia mai dap phu thudc vao nhiéu
yéu tb: tinh chat co 1y cua dat, tbc do cua dong
chay va kich thudc, hinh dang cta cac vat can
trén mai dap, v.v... Dudi tic dung cua dong
chay, cac hat dat ¢ thé bi cudn troi khoi két cau
tao nén sy x6i mon. Toc dd xo6i thuong rat
nhanh trong dét cat, cham trong dét sét va cuc
cham trong da. Téc do xo6i cao trong cat 1a do
lién két roi rac gitra cac hat nén hau nhu khong
co luc nao lam cham qua trinh x0i. Tbc d6 x6i
Xy ra rat cham trong da boi vi dong chay phai
mat mot luong 16n ning luong dé thing duoc
lién két giita cac tinh thé da. Doi voi dét sét, lién
két dién tir tao ra boi luc Van der Waals gitra
cac hat cling lam cham tdc do x6i cua dat.
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Tbc do xo6i cua dat do dong chay da duoc
nhiéu nha khoa hoc trén thé gii nghién ctru va
dua ra cac cong thuc xac dinh. Cac cong thuc
nay cht yéu dua ra mdi lién hé giira toc do xoi
ciia dat v6i van tdc dong chay va tng sudt cat
hiéu qua. Trong d6 phai ké dén cong thirc xac
dinh tc x06i ciia dat dinh do phong thi nghiém
nghién ctu nong nghi¢p Hoa Ky (Chen va
Anderson, 1986):

E=a(t-1,) (D)

trong do:

E: Toc d6 x6i, m/s;

7: Ung suét cét do dong chay, N/m’;

T Ung suét cét toi han cua dat, N/

o: H¢ s6 x6i cua vat lidu;

y: S6 mii thuong liy bang 1.

Ung sut cit toi han 7. 12 ng suat khi dat bat
dau bi x0i twong Ung véi van toc dong chay téi
han. Khi van téc dong chay trén bé mit vuot
qua van tdc toi han, x6i bat dau dién ra va hat
dat s& bi cubn troi.

Ung suét cit trung binh trén bé mat mau dat
xac dinh theo cong thirc cuia Shaikh va cac cong
su (Hanson et all, 2005):

T = pghy|S% +S2 (KN/m’) )

trong do:

p: Khéi luong riéng cua nudce, kg/m’;

g: Gia tdc trong trudng, m/s’;

h: Chiéu siu nudc, m;

St Sgy: Do dbc thiy luc;

Swe= T

n: Hé s6 nham Manning;

u, v: Luu toc dong chay theo phuong x va y, ms.

Hé sd x0i cua vat liéu phu thudc vao nhiéu
yéu t6 nhu duong kinh hat dat, do am cua dat
khi ddm, nhiét d6 nuée, do ddm chit va cac chi
tiéu co 1y cua dat (y, o, ¢), v.v... duoc xac dinh
qua thuc nghiém.

3.2. Tinh toan li

3.2.1. Hoan nguyén trdn lii ngay 03/8/2013
trén luu vwe ho Phén Lin

Dong chay it dén dap Phan Lan 1 duoc sinh
ra boi 1 tai lvu vic hd Phan Lan 1 va luong
nuéc xa tir hd Phan Lan thuong. Phuong phap
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duong don vi va s6 litu mua gio ngay 02-
03/8/2013 cua tram Tam Pao dugc sir dung dé
tinh toan hoan nguyén li. Két qua tinh toan
duoc trinh bay trong Hinh 3.
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Hinh 3. Puong qud trinh li dén ddp Phan Lén 1

3.2.2. Tinh todn diéu tiét li

Coi dap Phan Lan 1 nhu mot tran x4 1i c6 bé
rong tran bang chiéu dai dap, ngudng dinh rong,
chay tu do. Chiéu rong nguodng tran B = 20,8m;
cao trinh ngudng +56,0m; myc nudc trudc I
+56,0m. Két qua tinh toan thé hién trong Hinh 4.
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Hinh 4. Két qua tinh todn diéu tiét lii qua ddp
Phdn Lan 1

3.3. Thi nghiém xéic dinh Wng suit cat toi
han 1. va hé s6 x6i o, clia dit dip dap Phan
Lan 1

3.3.1. M6 hinh thi nghié¢m

Xay dung mdt mang thi nghiém vé1 kich
thuoc rong 30cm, dai 300cm va cao 40cm.
Mang dugc lam be‘ing kinh chiu lgc trong sudt,
trén thanh mang b tri cac thudc do muc nudc
v6i ey li trung binh 50cm. Thuong lwu méang ndi
tiép voi mot bé chira nude co6 gan may bom va
¢6 thé diéu chinh luu luong bang mot van dia.
Cubi mang khoét 16 hinh chir nhat kich thudc
20x30cm dé dwa mau dat tir dudi 1én bang hé
thdng vit me (tai mat cat MC V-V). Néi tiép sau
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mang 1 kénh xa va mot dap tran thanh mong bd
tri cudi doan kénh nay dé do luu luong trong
qua trinh thi nghiém. Mot thudc do duoc gin
vao dau vit me dé doc s6 lidu vé chiéu sau bi x6i
ctia miu dat. Hinh 5 mo6 ta mo hinh thi nghiém
da hoan thién.

3.3.2. Méu thi nghi¢m

Pat thi nghiém lay tir dap Phan Lan 1 — Vinh
Phuc va dugc dua vé phong thi nghiém dé xac
dinh mot sb chi tiéu co Iy nhu dung trong, do
am t6i wu, do 16 rong, goc ma sat trong, luc dinh
cho cac mau dat c6 do dam chit thay d6i tir K =
0,90 + 0,98 theo cac tiéu chuén thi nghiém dat
trong phong (Bang 1).

Bang 1. Chi tiéu co Iy ciia cac miu dat

twong ng v6i do dam chit
Thong s6  |Mau 1|Mau 2[Méu 3|Mau 4| Mau 5
K 0,9 0,93 10,95 0,97 | 0,98
y (t/m’) 1,56 | 1,61 | 1,79 | 1,68 | 1,7
¢ (d9) 17°38°118°05°|19%56°(21°03°| 21°48°
C (kg/cm?) 0,2290,233 0,239 0,246 | 0,253
n (%) 32,52|31,29 (30,09 29,34 | 28,7

3.3.3. Phwong phap thi nghi¢m

Mau dat duge dam chit theo do chit yéu cau
va gian vao day mang. Mot tim nhua déo duogc
day trén bé mit miu dé dong chay khong anh
huéng dén miu dét trong quéa trinh diéu chinh
lru Iwgng. Sau khi diéu chinh Iuu luong vé gia tri
da dinh (théng qua muc nudc tai bé chira), tién
hanh mé tim nhya déo trén bé mat mau dé do tdc
d6 x6i ciia mau dat. Mau dat duoc day Ién bang
hé thong vit me dam bao bé mit mau ludn bang
bé mit day mang. Tdc d6 bio mon miu Az duge
ghi lai cling v&i budc thoi gian At qua sb liéu vé
chiéu cao con lai ciia mau thi nghiém.
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3.3.4. Phan tich két qua thi nghiém

- Ung suét cit ciia dong chay t

Tu két qua do myc nudc, luu tdc tai mat cét
MC V-V tuong tng v6i cac cap luu lwong, tinh
toan Ung sudt cit ciia dong chay t theo cong
thirc (2). Két qua trinh bay trong Bang 2.
Bing 2. Két qua tinh toan tng suét T tai mit

cit V-V theo cac cap luu lwong

Qs) | H(em) | V(@mis) | t(N/m2)
7,50 0,8 4,46 8,065
12,22 1,1 5,13 9,502
17,74 1,5 5,63 10,417
21,94 1,7 6,03 11,368
26,61 2,0 6,34 11,979

- Xéc dinh toc do x6i E ctia miu dét

Tién hanh thi nghiém cho 25 mau dat twong
tmg voi 05 d6 dam chat (K=0,9; 0,93; 0,95;
0,97; 0,98) va 05 cap luu luong (Q=7,5; 12,22;
17,74; 21,94; 26,61 U/s).

Tir két qua quan tric toc do mau dat Az
twong tng v4i bude thoi gian At, tinh toan tdc
d6 x06i ctia mau dat theo cong thic:

Az
E=—0-n)=z»1-n 3
A t( )=z(1-n) 3)
v6i n 1a d6 rdng cta mau dat. Két qua tinh
toan ghi trong Bang 3.

Bing 3. Két qua tinh tdc d9 x6i cho tirng miu
dat theo cip hru lwong

E (cm/s)
(1(/2s) Mau | Mau | Mau | Mau | Mau
1 2 3 4 5
7,50 | 0,005 | 0,003 | 0,002 | 0,002 | 0,002
12,22 | 0,009 | 0,007 | 0,007 | 0,006 | 0,005
17,74 1 0,012 | 0,010 | 0,010 | 0,009 | 0,008
21,94 | 0,016 | 0,013 | 0,012 | 0,011 | 0,010
26,61 | 0,016 | 0,015 | 0,013 | 0,013 | 0,013

- Xac dinh Gng suét cat toi han t. va hé sd
x01 o

Pé xac dinh 1. va o, can thiét lap mdi quan
hé giita toc d6 x6i E da tinh toan tir két qua thi
nghiém va Gng suét cit t cua dong chay cho
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cac mau dat tuong Gmg voi cac cdp luu luong
(Hinh 6).
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Hinh 6. Biéu do quan hé giita vmg sudt
va toc do xoi
Tir cong thie (1), nhan thdy rang gia tri ca
ung suat cat toi han t. chinh la diém giao cua
cac duong thuc nghi¢ém voi truc hoanh (khi dé
tbc d6 x0i E =0) va hé s6 x0i o chinh 1a gradien
ctia duong trung binh thyc nghiém. Két qua tinh
1. va a dugc trinh bay trong Bang 4.
Bing 4. Két qua tinh vng suit cit va hé so
x6i cho miu dit véi hé sé6 dam chit K

K 0,90 | 0,93 [ 0,95 | 0,97 | 0,98
T.(N/m?) | 6,39 | 6,97 | 7,31 | 7,29 | 7,57
a(x10®) | 3,1 [ 3,029 |28 | 28

3.4. Tinh toan m6 phéng v& dap Phan Lan
1 do lii tran dinh bing phin mém EMBANK

3.4.1. Gigi thiéu vé phan mém EMBANK

EMBANK la chuong trinh tinh toan kha
nang x01 gay vo dap vat liéu dia phuong khi
nuoc tran qua dinh dap. Chuong trinh duoc
Chen va Anderson lap dua trén két qua thi
nghiém (Chen va Anderson, 1986).

S6 liéu dau vao cho chuwong trinh gom: sd
lwong mit cit va toa do diém khdng ché; chiéu
day ctia cac 16p vat liéu trong timg mdt cit; ing
suét cit toi han, hé sb x6i, hé s6 nham Manning’s
cua céc 16p vat liéu; cot nude thuong ha luu.

Mot sd két qua tinh toan chinh ciia chuong
trinh gdm: van téc dong chay, tng sut cat, toc do
X061, chiéu day con lai cua cac lop vat licu, v.v...

3.4.2. Ap dung tinh todn cho ddp Phén Lin 1

Chia miat cit dap Phan Lan 1 thanh 39 mat
cit. Hé s6 ham x6i 0=0,0029 va tng suat cat t6i
han cua dat dip dap Phan Lan 1 1a t=7,31
N/m’. Hé s6 nham Manning’s cua dat dép dap 1a
0,015 va cua 16p co la 0,03 (Chen va Anderson,
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1986). Cao trinh myuc nudc thuong luu va luu
lugng khi tran dinh tuong ing vé1 cac budc thoi
gian tinh toan dugc xac dinh dua vao dudng qua
trinh diéu tiét 1i cua dap Phan Lan 1.

Két qua tinh toan md phong qua trinh x6i mai
ha Iuu dap Phan Lan 1 khi xay ra su cd dugc
trinh bay trong Hinh 7.
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Hinh 7. M6 phong qua trinh xoi mdi ha luu dap
Phdn Lan khi xay ra sw cé

Méi quan hé giira khéi lugng dét bi x6i, toe
do xo1 theo thoi gian dugc xay dung trong cac
Hinh 8 va Hinh 9.

Két qua phan tich dién bién x6i cho thiy:
Trong 2 gid dau, do van toc dong chay tran nho,
16p bao v€ mai chua bi pha hiy nén dap khong
bi x6i. Toc d6 x6i ting manh ¢ 6h tiép theo tap
trung & phan chan va mai ha luu dap va ting dan
nhung tdc d6 cham hon dén gio thir 10 sau d6

c6 xu hudng gidm dan.
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Hinh 8. Puong quan hé gitta khéi lwong dat
bi xoi va thoi gian
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Hinh 9. Puong quan hé giita téc dé x6i
va thoi gian

4. KET LUAN

Két qua nghién ctru cho thdy, dbi v6i dat dap
dap Phan Lan 1, tng suét cat t6i han cua dat, tbc
d6 x6i cua dét thay doi theo hé s6 dam chit cua
dat. Khi hé s6 dam chat cang cao thi ing suit
cit t6i han t. cang cao, toc do x6i cua dit cang
nho. Hé s6 x6i o thay doi rat it khi mirc d6 dam
chit thay doi.

Bai bao ciing d3 md phong lai dién bién v&
cua dap Phan Lan ngay 03/8/2013. Tuy khong
thé danh gia sy phu hop cua bé mat vét v tai
cac bude thoi gian so véi thuc té do khong co s6
lidu quan tric trong qua trinh v& dap, nhung bé
mat vét v& tai bude cudi cung twong d6i phu
hop voi bé mit hién trang dap sau khi v&. Thoi
gian xay ra v& dap tai thuc té nhanh hon so véi
tinh toan do khi phan tich coi dap 1a dong chat
khong c6 khuyét tat trong than dap va bai toan
sir dung mo hinh tinh toan 2D khong xét dén
qua trinh x6i tai nén dap.

Nghién ctru ciing chi ra rang, sy ton tai cia
16p bdo vé€ mai ha luu lam cham lai qué trinh
vo dap.

D4 Thi Thuy Dung, 2017. Nghién ciru hién tuwong xéi 16 trén mdi ddp dat khi mede tran qua, kiém
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Abstract:
RESEARCH ON THE PROJECTION OF THE STAGE
OF THE PHAN LAN 1 DAM - VINH PHUC PROVINCE

Overtopping is one of the major causes of the failure of earth dams in Vietnam and in the world.
Dam degradation, failure, insufficient flood resilience have increases in the risk of unsafety to
existing dams especially under the abnormal climate change. Research on the mechanism of soil
erosion under the effects of overflow has been paying attention. In this article, the Phan Lan 1 dam
incident due to overtopping in the flood on August 3, 2013 was simulated using EMBANK model. A
series of experiment to determine the coefficient of erosion function and critical shear stress of soil
was also performed. The results of the experiments were used as input data for EMBANK model.
The results of this research can be applied to provide prompt responses for the dams with high risk
of overtoping.

Keywords: Earthfill dam, overtopping, external erosion, dam break.
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