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DPANH GIA KHA NANG XOI HAT MIN CUA MOQT SO DAT DAP PAP, PE
DUA VAO NHUNG TIEU CHUAN CO HAT

Lé Vin Thao', Vi Huy Cong'

Tém tat: Xoi ngam la mot trong nhitng nguyén nhan chinh gdy nén hién twong mat on dinh trong
cdc cong trinh nhur ddp, dé sir dung vt lidu ddt ddp. Tién trinh x6i ngam cé thé phdn ra thanh bén
loqi: x0i ro ri, x0i kéo theo, xJi tiép xuc va xoi hat min. Bai bdo nay lién quan dén x6i hat min, x6i
nay cé thé gay ra sw thay déi vé thanh phan cé hat, d6 réng, va do dan thity luc trong ddp, dé. Viéc
ddnh gid én dinh cia ddp, dé do x6i hat min gdy ra rdt phitc tap va chiea dwoc nghién ciu hoan
hdo. Viéc lya chon phwong phdp, tiéu chudn phix hop dé ddanh gid on dinh cho nhitng céng trinh rdt
quan trong. Mot trong nhiing tiéu chudn quan trong dwoc lya chon dé ddanh gid sy an toan cua ddp
dat la tiéu chudn vé c& hat va dp dung cho tdt ca cdc logi ddt. Sw ddnh gid ndry dwa vao nhing
dwong cong thanh phan hat ciia mét sé loai ddt ddp ddp, @é da thu thdp. Mot chwong trinh Matlab
dé danh gid kha nang xoi hat min cua mot 6 loai dat dwoc lua chon tir cdc dap, dé cu thé duoc duwa
ra. Bai bdo chi ra két qua ddnh gid khd ndng xdi hat min cho mét sé loai dat dap déap, dé tir

Canada, Phdp va Viét Nam va mot 6 loai ddt roi thiét ké.

Twr khoa: X6i ngam, x6i hat min, on dinh, tiéu chuan c& hat.

1. PAT VAN DPE

Nhitng két ciu thiy lyc déng mot vai tro
quan trong trong cudc sdng hing ngly cia
ching ta nhu cung cip ning lugng, cung cip
nuée, kiém soat li lut...Theo Foster nnk.
(2000), x6i ngam 1a mot trong nhitng nguyén
nhan chinh giy nén sy mat 6n dinh cia nhiing
cong trinh nén dép nhu dap, dé... Bon kiéu cua
x6i ngdm duoc hai tic gia (Fell and Fry, 2013)
phan loai gdbm: X6i 1o ri, x6i kéo theo, x6i tiép
xtic va x6i hat min. Hién tugng x6i hat min
trong Ung voi tién trinh tich va sau dé van
chuyén nhimng hat min nhat vao khong gian 15
rong cta nhitng hat c¢6 duong kinh 16n hon.
Garner and Fannin (2010) cho thdy x6i bi gdy ra
bséi 3 yéu t6: do nhay vat liéu (material
susceptibility), tai trong thuy lyc téi han (critical
hydraulic load) va diéu kién ung suat tGi han.
X6i cua vat liéu li€n quan dén su tich va van

'Khoa Xay diwng Thity loi —Thity dién, Trieong Pai hoc
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chuyén hat d4t nhé hon trong 1 rdng ciia dét. Su
tach va van chuyén nay lién quan dén duong
cong thanh phan hat, hinh dang ciia hat, d6 rong,
tiéu chuan mg suit va tiéu chuan thay lyc. Mot
trong ba tiéu chuan dugc sir dung nhidu nhét dé
danh gid 6n dinh cua cong trinh 1a tiéu chuan vé
& hat va dugc nghién ctru béi rat nhidu tic gia.
Vi viy viéc tong hop va lya chon tiéu chuan phi
hop dé d4nh gia kha nang x6i hat min cho nhiing
loai dat dap dap cu thé Ia rat quan trong va can
thiét. Bai bdo s& phan tich chi tiét két qua ddnh
gia cia mot s6 dét da chon lua tir cic dap, dé va
mot s6 loai dat roi va it dinh khac véi thanh phan
hat min tir 15.25% dén 61%.

2. PHUONG PHAP NGHIEN CUU

2.1 Céc tiéu chuén danh gia

Lafleur nnk. (1989) da phén ra 3 dang duong
cong thanh phan hat (Hinh 1): cap phdi tuyén
tinh (dudng cong 1 va 2) bao gdm cdc cap phdi
dat voi nhimg hat phan bd dong déu (duong
cong 1) hodc cho nhiing cép phdi dit cé thanh
phan hat min phan b dong déu (dudng cong 2),
dbi véi duong cong nay phan tram hat tho xap
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xi 20% theo khdi lwong. Pudng cong 3 twong
mg voi nhitng cp phdi dat c6 nhitng c& hat bi
thiéu, va duong cong 4 tuong ng voi nhing
cép phdi dat khong tot.
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Hinh 1. Cdc dang dwong cong thanh phéan
hat (Lafleur nnk. 1989)

Istomina (1957) da phat trién mot phuong
phép don gian dé danh gid sy 6n dinh bén trong
ctia cap phdi cdt, so6i dua trén hé s dong déu
(Cy) ctia dudng cong thanh phan hat. Cap phdi
dat v6i C, <10 dugc phan loai 1a cip phdi tét,
C, >20 cap phdi khong tét va 10 < C, < 20 nam
trong khu vuc chuyén tiép. Kezdi (1979) da dé
Xuit tiéu chuin dé ddnh gia kha ning x6i hat
min dya vao thanh phﬁn hat tho va hat min. Néu
ti 18 djso/dgsy >4, dat duoc ddnh gid dé bi x6i,
trong d6 d;s. la duong kinh tuong tng véi 15%
lIot sang cua thanh phﬁn hat thd, dgss 1a duong
kinh tuong ing 85% lot sang cuia thanh phan hat
min. Phuong phdp ciua Kenney va Lau (1985,
1986) dua trén nhitng ¢& hat c6 duong kinh nhd
hon d (dugc dat tén 1a F) va nhitng c& hat tr d
dén 4d (ky hiéu 1a H) dé danh gid kha ning x6i
hat min. PAt duoc ddnh gia on dinh véi x6i hat
min néu ti 16 H/F > 1 va H/F < 1 dét d& bi x6i.

Li va Fannin (2008) da dwa ra su so sdnh
gifta tiéu chuan cua Kezdi (1979) va cua
Kenney va Lau (1985). Néu disc/dgse > 4
(F>15%, H=15%) va (H/F<1, F<15%), dit dugc
danh gia 6n dinh véi x6i. Wan va Fell (2008) da
dua ra mot phuong phap danh gid sy 6n dinh do
x6i ngdm ciia nhimng loai dat c6 cip phdi tot.
Phuong phdp nay dga vao hai ti 1¢: doo/dgo va
doo/ds va Kkét qua dugc phan thanh 3 khu vuc:
khu vuc 6n dinh, khong 6n dinh va khu chuyén
tiép (Hinh 2).
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Notes:
1. Hollow symbol represents infermally stable sample
2. Solid symbol represents internally unstable sample

Hinh 2. Phwong phdp ddnh gid sy khong on
dinh bén trong ciia logi dat “broadly graded
silt-sand-gravel soils” (Wan va Fell, 2008)

Tuy nhién hai tic gia Wan va Fell cho thiy
phuong phap nay khong phtt hop cho nhiing loai
dat c6 thanh phan hat min it hon 15%.

M5t tiéu chuan khic dugc dé xuét boi Chang
va Zhang (2013), tiéu chuan nay dp dung cho tat
ca céc loai dat. P6i voi loai dat c6 cAp phdi
“widely graded soil”: véi P <5% (P 1a phan trim
cua hat min c¢6 dudong kinh nhé hon 0.063mm),
dat on dinh véi x6i néu (H/F)min>1. V6i S5<P <
20 va (H/F)min > - (1/15)P + 4/3- dét 6n dinh x6i
va nhing loai dit c6 P >20 dit dudng nhu 6n
dinh v&i x6i. PSi v6i nhitng loai dat “gap-
graded soil” 1a nhitng loai dat c6 mot sb ¢ hat
bi thiéu: v6i P < 10 mot loai dat khong bi x6i
néu G; < 3 (trong d6 G; = dmax/dmin, dmax, dmin 12
duong kinh 16n nhat ciia thanh phan hat min va
duong kinh nho nhat cta thanh phan hat thd),
véi 10 < P < 35 dat 6n dinh x6i néu G, <0.3P.
Véi P >35 dat duong nhu khong bi x6i.

Marot nnk. (2016) da so sdanh mot vai ti€u
chuén cua Kenney va Lau (1985, 1986), Chang
va Zhang (2013) va cua Wan va Fell (2008) va
ho da xédc dinh tiéu chuan phit hop nhat dé dénh
gid kha nang x6i hat min cua nhiing loai dat:
trong truong hop nhimng loai dat “gap-graded
soil”, néu phan trim hat min cao hon 35% dat
dudng nhu 6n dinh x6i. D6i v6i nhimg loai dat
¢6 ham lugng hat min it hon 35%, tiéu chuin
ctia Chang va Zhang duong nhu it phit hop. Dbi
v6i nhimg loai dat c6 cdp phdi “widely graded
soil”, thanh phﬁn hat min dugc xac dinh béi gia
tri toi thiéu cta ti 16 (H/F)pin. Néu phan tram hat
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min it hon 15%, danh gid kha ning on dinh c6
thé theo tiéu chuan ctua Kenney va Lau, phan
tram hat min 16n hon 15% su danh gid 6n dinh
d4t dua theo tiéu chuin cua Wan va Fell.

Vi nhitng tiéu chuin duoc dua ra & trén,
ching ta c6 thé st dung nhiing tiéu chuan nay
dé danh gid on dinh cho céc cong trinh dap, de.
Tuy nhién boi vi mot vai tiéu chuan pham vi dp
dung cic loai dét bi gidi han nén can tap hop du
tiéu chudn dé danh gia cdc loai dat trén pham vi
rong va dic biét cin phai quan tim hon dén tiéu
chuan di so sanh céc tiéu chuan trudc nhu tidu
chuan ctia Marot nnk. (2016).

2.2 Thuat toan danh gia x6i hat min dya
vao céc tiéu chuin

()

Pé ddnh gia hai kiéu duong cong thanh phan
hat “gap-graded soil” va “widely graded soil”,
tiéu chuan it bao tha c6 thé duge chon lua gitra
nhitng tiéu chuan tir Chang va Zhang, Kenney
va Lau hoac Wan va Fell (Marot nnk. 2016).
Hai thuit toin méi dugc viét trén ngbén ngit
Matlab dé phan biét “6n dinh véi x6i” hodc
“khong 6n dinh voi x6i” cua nhitng loai dat
“gap-graded soil” va “widely graded soil” (Hinh
(3a) va (3b)). Pau vao cia thudt todn la nhiing
gid tri cia duong cong thanh phan hat, két qua
dau ra danh gia dugc kha ning x6i hat min hoac
khong x6i ctia nhitng loai dat.
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Hinh 3 Hai thudt todn moi ddnh gid on dinh x6i hat min

a) “gap-graded soils

2.3 Ap dung cho mot s6 loai dit diap dap, dé
va mot s6 loai dét roi khac

Nhitng loai dét duoc chon lya véi nhiing dudng
cong cip phéi khac nhau va nhimg hinh dang c&
hat khac nhau duoc léy tu cac dap, dé, hoac mau
thiét ké. Bén loai dat tir dap va dé bao gém: mot
loai tir dap dat ctia hd chira ¢ tinh Pak néng , ky
hiéu 14 “Dam-DakNong”, mot loai dat tr dap cua
Phép duogc ky hi¢u “Dam-F’, mdt loai dét tir dé ctia
Phéap “Dike-F’, mot loai dat tir dap ¢ Canada. Hai

7 b) “widely graded soils”

loai dt duoc thiét ké tir nhimg loai dat thién nhién
bao gém: mot loai dugc tao ra tir cat, bun va soi ky
hiéu 1a “Sand-Silt-Gravel”, mét loai dat dugc tron
tir cdt va thanh phan hat tho cta 1 ddp “DR+Sand”.
Puong cong thanh phan hat ctia nhimg loai dat ké
trén duoc thé hién trong hinh 4. Trong s6 6 loai dat
Kké trén, 4 loai “Dam-Dak-Nong”, “Dike-F’, “Dam-
C”, “DR-sand” duwgc xem 1a nhitng loai dat
“widely graded soil” va hai loai dat “Sand-Silt-

Gravel”, “Dam-F” la “gap graded soil”.
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Hinh 4. Puong cong thanh phd;n hat cua nhitng logi dat

Bang 1 chi tiét nhiing duong kinh khac nhau cua dat bao gém: ds, djo, dis, dao, dzo, ds0, dso, doo, Cu, P

Bang 1. Pic tinh ciia mét s6 loai dat

Grain size ds dyo dys d, ds ds dgo doy C, P
distributions (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) ) (%)
Dam-DakNong | 0.006 | 0.01 | 0.02 | 0.031 | 0.055 | 0.208 | 0448 | 4.600 | 44.8 | 3231
Dam-F 0.101 | 0313 | 0.447 | 0.568 | 3.834 | 10.263 |13.938| 37.524 | 44.53 1
Dam-C 0.010 | 0.026 | 0.050 | 0.078 | 0.160 | 0.630 | 1.875 | 80.000 | 72.12 1
Dike-F 0.186 | 0.246 | 0301 | 0368 | 0.503 | 1.381 | 3.178 | 8354 | 12.92 1
DR-Sand 0.145 | 0231 | 0315 | 0.603 | 2220 | 2.627 | 3.029 | 4483 | 13.11 | 0.59
(S}?;‘jélsﬂt' 008 | 0.104 | 0126 | 0.150 | 2900 | 4.120 | 4550 | 5.860 | 27.41 | 16

Trong do: ds, djo, d;s, dao, dso, dso, dso, doop: nhitng dwong kinh co hat twong wmg voi 5, 10, 15, 20,
30, 50, 60 va 90%, C,: hé s0 do"ng déu; P: phd‘n tram hat min ung voi duwong kinh nho hon
0.063mm theo tiéu chudn Chang va Zhang.

3. KET QUA VA THAO LUAN

Két qua dénh gid kha niang x6i hat min cia
mot sO loai dat ké trén duoc thé hién trong Bang
2. Nim tiéu chuin cua céc tic gid khic nhau
dugc s dung dé danh gid bao gém: Istomina
(1957), Kenney va Lau (1985, 1986), Wan va
Fell (2008), Chang va Zhang (2013), Marot nnk.
(2016). Bdi véi tiéu chuan cua Istomina (1957)

chi dp dung cho nhimng cép phdi “cit + soi”. Vi

30

vdy ddi voi tidu chuan nay hai loai dat duoc
danh gia: “DR+Sand” va “Sand-Silt-Gravel” v&i
két qua ddnh gia nhu sau: cap phdi “DR+Sand”
nam trong viing chuyén tiép giita 6n dinh va
khong on dinh, loai dat “Sand-Silt-Gravel” duoc
danh gid khong 6n dinh véi x6i. Bon loai dat
con lai khong duoc danh gia theo tiéu chuin
nay. Dya vao tiéu chuan ciia Kenney va Lau
(1985, 1986), ca 6 loai dit duoc ddnh gia la
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khong 6n dinh véi x6i ngam. Ddi véi tiéu chuan
nay, sy danh gid kha nang x6i hat min c6 su
thién vé khong an toan. Danh gid dyua vao tiéu
chuan Wan va Fell (2008) duoc ap dung cho 4
loai dat “Dam-DakNong”, “Dike-F’, “Dam-C”
va “DR-sand” véi két qua 1a ca 4 cdp phdi dat
dugc danh gid 1a khong 6n dinh voi x6i. Tiéu
chuan nay chi d4p dung cho nhiing loai dat
“widely graded soil”, vi vy hai loai dat “Dam-
F’ va “Sand-Silt-Gravel” khong duoc danh gia.
Dya vao tiéu chuan cta hai tic gia Chang va
Zhang (2013), 3 loai dat: “Dam-DakNong”,

“Dam-F”, “Dam-C” dugc danh gia on dinh
voi x6i hat min, 3 loai dat: “Dike-F”, “DR-
sand”, “Sand-Silt-Gravel” dugc danh gid xay
ra xo6i hat min.

Dya vao tiéu chuan cia Kenney va Lau
(1985, 1986) thi nhitng loai dit thién vé
khéng an toan, trong khi d6 theo tidu chuin
cua Wan va Fell (2008) thi céc loai dét thién
vé an toan, con ddi véi tidu chuan Chang va
Zhang (2013), cic loai dit c6 duoc két qua
d4nh gia kha khdc so véi hai tiéu chuan kia.

Béang 2. Kha ning x4i hat min

Soil Istomina Kenney va Lau Wan va Fell Chang va Marot nnk.
(1957) (1985, 1986) (2008) Zhang (2013) (2016)
Dam-

Daszgﬁg - Unstable Stable Stable Stable
Dam-F - Unstable - Stable Unstable
Dam-C - Unstable Stable Stable Stable
Dike-F - Unstable Stable Unstable Stable

DR-Sand Transitional Unstable Stable Unstable Unstable

Sand-Silt-

Gan 11 Unstable Unstable - Unstable Unstable
rave

Vi pham vi danh gid chi duya vao c& hat nén
dya vao tiéu chuin ctia Marot nnk. (2016), két
qua danh gid cua nhiing loai dat dugc dua ra
nhu sau: 3 loai dét “Dam-DakNong”, “Dam-
C”, “Dike-F” danh gid 12 6n dinh vé&i x6i hat
min, 3 loai con lai khong on dinh.

V6i nhing két qua danh gid ¢ bang trén mot
su dé xuat dé thay ddi cap phdi khac cho 3 loai
dat cua nhitng dap, d&€ khiac nhau: “Dam-F”,
“DR-sand”, “Sand-Silt-Gravel” nham muc dich
tang cuong kha nang khiang xo6i.

4. KET LUAN

Trong nghién ctru nay tic gia da st dung céc
tiéu chuan dé danh gia kha ning x6i hat min cua
6 loai dét cu thé dugc thu thap tor cac dap, de,
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hodc 1a nhitng mau dit roi thiét ké. Véi 5 tidu
chuan ké trén, theo quan diém cua tic gia thi
tiéu chuan cua Marot nnk. (2016) céc két qua
danh gid c6 tinh kha quan hon va thé hién chi
tiét hon. Két qua danh gia nay gidp ich rat 16n
trong qué trinh quan 1y rui ro.

V6i nhitng két qua nghién ctru cia céc tic gia
trén thé giGi, chiing ta c¢6 thé dp dung nhirng tiéu
chuan nay dé danh gid kha ning x6i hat min va
tién t6i kiém dinh an toan cho nhimg dap va dé
khac ¢ Viét Nam.

Loi cam on: Bai bdo nay dugc tai trg boi
truong Pai hoc Bach Khoa, PHDPN véi dé tai c6
mi s T2018-02-26
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Abstract:

ASSESSING SUFFUSION SUSCEPTIBILITY OF SOILS FROM DAM, DIKE BASED ON
GEOMETRIC CRITERIA

Internal erosion is one of the main causes of instabilities within hydraulic earth structures such as:
dam, dike using soils. Internal erosion process was distinguished into four types: concentrated leak
erosion, backward erosion, contact erosion and suffusion. This paper deals with suffusion, this
erosion process can cause the change of grain size, porosity and hydraulic conductivity in dam,
dike. Assessing of stability of dam, dike caused by suffusion process, was very complex and had not
researched yet perfectly. The choice of property methods, criteria which assesses the stability for
hydraulic earth structure, was very important. Geometric criteria were one of the important criteria
to assess the safety of earth dam, dike and apply for all soils. This assessing based on grain size
distribution of soils from dams, dikes. One MATLAB program to assess suffusion susceptibility of
soils was given. The assessing results of suffusion susceptibility of dam, dike soils from Canada,
France, Vietnam and cohesionless soils were given.

Keywords: Internal erosion, suffusion, stability, geometric criteria
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