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TOM TAT: X6i la mét trong nhitng nguyén nhén chinh gy nén hién tugng mit 6n dinh trong cac cong trinh nhu
dap, dé hay cac hd chira nudc bang dat. Bai viét trinh bay hién tugng xo6i xay ra tai bé mit tiép xtc giira dat va
nudc thong qua thi nghiém mé phong phun nudc tao ap luc JET (Jet Erosion Test). Thi nghiém dugc sir dung dé
danh gia kha ning chiu x6i ciia hai loai cat-sét khac nhau. 23 mau thi nghiém ché bi theo phuong phap d¢im nén
tiéu chuan Proctor, dugc phan tich ddng thoi bang phuong phap ning lugng va phuong phap d& nghi boi 2 tac gia
Hanson va Simon. Phuong phap phan tich dua trén ning lugng tiéu hao ctia dong chay gy x6i cho két qua danh
gia, phan loai dac trung x0i cia dét chi tiét hon va co khoang phéan loai hep hon. Vi cé 2 loai cat-sét thi nghiém,
dic trung chiu xo6i dénh gi4 thong qua chi s6 cuong do x6i c6 mot lién hé tuyén tinh voi d6 bio hoa. Nghién ctru
ciing cho thay ¢6 anh hudng vi cdu tric cia cic mau dat thi nghiém dén do nhay xo6i bé mat.

1. GIOI THIEU
1.1 Thuat ngir va ngir canh

Duéi tac dung ciia dong chay ngdm, cic cong
trinh chén gitt nudc duoc xdy dung bang dit (nhu
dé, hod chua nude, dap va nén mong phia dudi) c6
thé chiu mot hién tuong x0i va cudn troi cac thanh
phan hat nho trong két cdu dat. Hai hién tuong xo6i
¢6 thé dugc phan biét: x6i ngdm va x6i xdy ra & bé
mat. Hién tugng x6i ngﬁm lién quan dén su tach va
cudn troi cac hat min, lam cho chung di chuyén
trong két cau 18 rSng giita cac hat cot lidu 16m.
Hién tugng xo6i bé mit co thé gap trong cac duong
ntt, hodc cac 16 o, thung trong két cau cong trinh,
hinh thanh cac duong 6ng “piping” (Fell & Fry,
2007). X6i bé mat xuat hién giita hai vat lidu c6
kich ¢& thanh phan hat khac nhau, dugc goi la x6i
tai vi tri tiép xuc (contact erosion). Tuy nhién, mat
phan cach ciing ¢ thé ton tai & mat phan cach giira
nudc va dat. Trong nhiéu truong hop, dong chay
ngam c6 thé c6 hudéng vudéng goc véi mit phan
cach, hi¢n tugng xd4i trong truong hop nay thuong
duoc goi 1a hién tuwong x6i1 dun.

Xo6i xdy ra tai bé mat tiép xuc 13 mot trong
nhiing hién tuong chinh 1am ting nguy co mat 6n
dinh trong cac cong trinh duoc xiy dung bang dat
va nén mong cong trinh. Vi myc dich tim dugc
mdt phuong phap danh gia an toan cho cac cong
trinh nay, nhiéu nghién cuu dugc thyc hién dua
thong qua viéc phat trién cac thiét bi thi nghiém
khac nhau dé danh gia va phan loai kha niang chiu
x6i cta dat. Trong sb do, thi nghiém JET dugc s
dung kha phd bién nho tinh don gian, c6 thé thi
nghiém trén céc loai dat c6 tinh déo thap va dat
bao hoa. Mot thuan lgi khac cua thi nghiém JET
nho kha nang co thé thuc hién thi nghiém tai hién

truong va co thé danh gia cuong do trén miu
nguyén dang.

1.2 Thi nghiém JET

Thi nghiém JET duoc phat trién béi Dunn
(1959), va dugc cai tién boi Hanson va Cook
(2004). Thiét bi duoc thiét ké sao cho tia nudc
duoc phun tr miéng 16 duogc bo tri ngdp trong
nudce, tac dung mot ap lyuc truc tiép 1én bé mit mau
dat thi nghiém. Mot thiét bi thi nghiém tuong tu
dugc néu trong tiéu chuin ASTM D5852. Trong
phong thi nghiém, nhitng mau dat dugc dAm nén
theo phuong phap dam nén tiéu chuan Protor.

Hinh 1 thé hién nguyén 1y cu tao cua thiét bi
thi nghiém. Thi nghiém JET bao gdom bé chua
nude ¢ thé didu chinh chiéu cao cot nude, mot
ong (Jet tube) co6 16 phun nudc ngap trong bé chua
ha luu, mot thude do chiéu sau x6i (point gage) va
mot bé chira tia nude phun ra tir miéng 15 trong do
¢6 chita dung mau dat thi nghiém.
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Hinh 1: So d6 thi nghiém JET



Dung cu dq duoc (jiéu chinh vira dé dong
miéng 10, vira dé do chiéu sau x6i (J) twong g
v&i cac khoang thoi gian qui dinh (dudng kinh do).

Thi nghiém dugc st dung cho nghién curu nay
cling bao gdm mot can cam bién (mass balance)
dugc dat dudi miu dit dé do sy thay doi khoi
luong clia mau dat trong sudt qua trinh thi nghiém.

1.3 Phuong phap phan tich két qua do va phan
loai dic tinh x6i ctia dat

Hai phuong phap phén tich két qua thi nghiém
JET dang ton tai c6 theé phan bi¢t nhu sau:

Phuong phap dau tién duoc dé xuit boi Hanson
va Simon (2001) dwa trén quy luat x6i tuyén tlnh
lién quan giita toc do xo6i thé tich, &, voi Gmg suat
cit thiy lyc T vuot qua mot gia tri ngudng t.. Gia
tri g suét cat thiyy luc gidi han 13 gid tri toi thiéu
can thiét bat dau gdy nén hién tugng x6i. Phuong
trinh miéu ta dinh luat x6i:

€ =kq(t - 1)
(1)

Trong do6 kq 1a h€ s6 toc do xoi.

O thoi gian t = 0, khoang cach tir dau miéng
phun tia nudc tao ap luc dén bé mat mau dat 1a Jo.
O thoi gian t = oo, J tién dén mot chiéu sdu can
bang gidi han Je. Dbi véi khoang cach nho hon J, =
6.2do, dong chay bao gdm mét 15i trong d6 van toc
bang voi van téc ban dau u(0;0) tai miéng 16 phun
va cang khu vuc vung 16i thi van tdc trén truc tia
phun ti 1¢ nghich v6i khoang cach.

u(0, J) = u(O 0) (2)

Ung suét cét thiy lyc trong duong tac dung 1én
bé mat 16p dat, c6 thé dugc tinh toan theo ham cua
toc do dong chay u(0, J) theo truc cuia tia nudc:

t=Crpu(0,))? 3)
~Trong d6 Crla hé s6 ma sat, gia thuyét 1a hang
s0, C¢=0.00416.

Quy luat x6i khong thir nguyén va dic trung vé
thoi gian dugc xac dinh. Bang cach lay tich phan
ctia phuong trinh x6i, thoi gian dugc biu dién
bang mot ham véi chiéu sdu I* khong thir nguyén.

]*
t=Tr(-J* *+ Ln(1+]) ) (4)
Vé6i Tr = (5)
d-Tc
Va J*=}i (6)

Dién bién chiéu sdu x6i véi thoi gian 1a mot
ham hyperbolic dung dé dy doan chidu siu xo6i
cubi cung, twong dwong v6i chidu siu can bang
(Blaisdell va Anderson, 1981). Ttr d6 cho phép xac
dinh dugc ung suit cit thuy luc giéi han t.. Di
liéu thi nghiém trung khép véi mo hinh dugce dua
ra & phuong trinh 6. Cho phép du doan hé sb dic
trung vé thoi gian va hé sé biéu dién téc do xo6i thé
tich ka.

Su phan loai muc do x6i cua dat dé xuat boi
Hanson va Simon (2001) dugc dua trén dong thoi
ca (mg suat cat thay luc giéi han va hé sd ti 1& x6i
xac dinh tor thi nghiém JET. Hé thong phan loai
ctia Hanson va Simon chia lam 5 ce”ip tr vat liéu co
cuong do chiu xo6i rat cao dén rat dé xoi.

Phuong phép thir 2 dugce dé xudt boi Marot va
va cac cong su (2011) dua trén sy tiéu hao nidng
luong gitra nude va dat. Phuong trinh nang luong
cho chat long (b6 qua pha dat bén trong thé tich)
c6 thé duoc viét:
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Trong d6: M- Khéi luong chat 1ong; V- Thé tich
chat 1ong; ein- ning lugng bén trong, S-bé mit tiép
xuc gila chat long va moéi truong; S-véc to phap
tuyén v6i bé mat tiép xtic; U- vén tc chat long (co
cac thanh phan theo cac truc 1a u, v, w); g- gla tbc
trong truong; pw- khdi lugng riéng ciia chat 1ong,
x: truc toa do.

Ning luong tong cong la tong nang lugng dudi
dang co hoc va su trao doi nang luong gitta hé
thong va moi truong Egner.
d_E _ dETher +d_W (8)
dt dt dt

Toan bo hé théng thi nghiém duogc dat trong
mot phong thi nghiém c6 nhiét 6 duoc khong ché
va n6 duoc cung cip boi hé théng nudc cong cong,
vi vay trong sudt qua trinh kiém tra, hé thong c6
thé dwoc xem la ding nhiét va niang lugng bén
trong xem nhu hang s6. Tt ca nhitng thi nghiém
duoc thuc hién trong cung diéu kién, vi vay khi so
sanh nhitng thi nghiém co thé bé qua nhiing sai s6
tuong d6i cia su thay doi ning luong gifra hé

ETher

thong va moi trudng. Két qua dai lugng —t co

thé cho phép bo qua. Cac két qua cua thi nghiém
JET duoc phén tich trong trang thai on dinh (gia
thuyét trong mdi bude thoi gian van téc nude bién



d6i cham), dong ning mat mat khong dang ké. Do
do phuong trinh 7 tr¢ thanh:
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Nang luong co hoc W bao gdm: ning lugng do
ap luc cua dong chdy, do tinh nhét trong chat 16ng
va nang luong gay x6i
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Khac voi truong hop tia nude duge phun tu do,
truong hop nay tia nudc dugc phun ra tir miéng 16
cua thiét bi JET c6 do léch so voi truc & trude bé
mit tiép xuc giita dat v6i nude. Co thé gia thuyét
rang day chinh 1a Iy do gy nén hién tugng x6i, su
léch truc cua tia nudc ap luc tac dung 1én bé mat
16p dat s& 1am ting tng sut cat va bién doi 16n vé
ap luc.

(10)

Trong thi nghiém phun nudc tru6ec mot tudng
chin, Beltaos va Rajaratnam (1974) quan sat va
thay rang ung suét cat tai mat cit tuong tang tuyen
tinh voi khoang cach tinh tir truc phun (r), dat dén
gia tri cuc dai tai vi tri r = 0.14J, va sau d6 giam
dan khi r ting 1én. Thém vao d6 khi ti 18 r/J ting tir
0 dén 0.14 ap lyc & tudng giam nhanh va bang
10% gia tri 16n nhét cua ap luc tai vi tri tryc cua tia
nude. Tai do sdu J, nang lugng giy x6i duoc gia
thuyét gi6i han trong pham vi r < 0.14J.

Beltaos va Rajaratnam (1974) dé nghi cong thirc
clia van toc theo phuong ding trén truc tia Jet.

(11)

Vi muc dich tinh toan sy thay ddi van téc theo
phuong thing ding so voi do sau J va khoang cach
r tir truc tia Jet. K&t hop phuong trinh 10 va 11 cho
phép biu dién ning lugng co hoc giy x6i theo
thoi gian.

d“'remsion 141 =) ]
rrambs 1 |p“ (0. I?(eﬁ(p( 0-69?’(1:_“) )) vdr

Pé thuan tién, dao ham theo thoi gian clia nang
lugng co hoc gay x6i dugc goi 1a nang lugng xo6i
(Perosion)-

Ning lugng t6n that do x6i (Eerosion) dugc xac
dinh bang cach ldy tich phan theo thoi gian cta
ning lugng x6i tic thoi trong sudt qué trinh thi

(12)

nghiém. Vi vay dbi véi mdi thi nghiém, ning
luong x6i dwoc tinh toan theo nguyén tic hinh
thang va chi sb cuong do x6i dugc xac dinh tir
ning lugng x6i va khoi luong vt liéu bi x6i tich
lily ¢ trang thai kho.

"’&} (13)
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Marot va nhiing cong su (2011) dé nghi thang
phan loai mirc d6 x6i cua dat gdm 6 cap: Hét suc
nhanh (dat c6 cuong do chiu x6i rat kém) néu Iq
<1, rat nhanh néu 1 < I« < 2; nhanh vira néu 2 < Ia
<3; cham vira néu 3 < I, <4; rat chdm néu 4 < [, <5
va hét sitc chdm (dit co cuong do chong x6i cao)
I« > 5. Bang phuong phap phan tich ning luong,
Regazzoni va Marot (2013) cho thdy co thé dat
duoc su phan loai kha nang x6i twong ty nhau cho
7 loai dat khi thyc hién cac thi nghiém trén 2 thiét
bi khac nhau Jet Errosion Test (JET) va Hole
Errosion Test (HET).

1.4 Xac dinh chi s6 cwong dd xo6i Io. tir nhirng
dac tinh cia dat.

Regazzoni va Marot (2012) da xac dinh dugc
murc do x6i cua 12 mau dit tu nhién, duge ché bi
bang phuong phap dam nén tiéu chuan Proctor &
d6 4m nho hon 1% d6 am tot nhat. Nhitng mau dat
nay dai di€n cho kha nang chiu x6i trong mot pham
vi rong. Mot ton that ning lugng duoc tim thay va
mot sy phan tich théng ké duogc thuc hién. Béng
phén tich thong ké trén 2 loai dat phan biét (co tinh
chat phan tan va khong phan tan), da xay dung
dugc biéu thirc miéu ta chi s6 cuong do xo1 nhu la
mot ham cua 3 thong sb6: murc d6 dam chat, do bao
hoa va su khac nhau gitta ham lugng nudc trong
thanh phan hat sét va d6 4m gi6i han chay.

Nhimng két qua nay ciing cho thiy ring ham
luong nudc thay ddi 4% co thé din dén mot su
thay d6i vé ddc trung chong x6i cta dét tir trang
thai 6n dinh x6i cao dén dé bi x6i. Vi vdy, ngay ca
cic miu dat duoc dam chit theo phwong phap
Proctor tiéu chuan, kha ning chong x6i dudng nhu
con phu thudc vao thong s6 chinh khac da dugc
nghién cuu.

Bai bdo gi6i thiu két qua tir thi nghiém phun
nud6ce tao ap lyc JET duge phan tich boi 2 phuong
phap khac nhau va moi turong quan gitra do nhay
x6i bé mit véi cac tinh chat ctia dat.

2. LOAI PAT VA CHUONG TRINH THI
NGHIEM

2.1 Cac dic tinh ciia dat thi nghiém.



Mot loat thi nghiém dugc thuc hién trén hon
hop cat pha sét. Hinh 2 gigi thi¢u duong cong phan
bd ¢& hat cta cat, sét va hdn hop sau khi tron su
dung trong céc thi nghiém nho thiét bi phan tich
Laser.
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Hinh 2. Puong cong thanh phan hat ciia sét, cat va hon
hop cat pha sét
Thi nghiém dugc thuc hién trén 2 loai dat pha
tron gom 20% dat sét kaolinite va 80% dét cat. Cat
su dung 1a loai cat Fontainebleau (thanh phﬁn hat
nam trong khoang 0.4mm dén 600um, duong kinh
trung binh Dso = 250 pm, hé s6 dong nhat C,=2.38
va trong luong riéng 26.5KN/m?). Pat sét kaolinite
dugc st dung trong cac thi nghiém gdm 2 loai:
Speswite (thanh phan hat nam trong khoang
0.04mm dén 25um, duong kinh trung binh Dso =
3.65 um, hé s dong nhat 6.04 va trong luong
riéng 25.5KN/m?) va Proclay c6 dudng cong thanh
phan hat khac nhau rat nho (thanh phan hat nim
trong khoang 0.04mm dén 32um, duong kinh
trung binh Dso = 2.84 um, hé s6 dong nhit 5.03 va
trong luong riéng 25.7KN/m?).

Bang 1 tong hop thanh phan hoa hoc cua vat
liéu (Phén tich hoa hoc dwa vao quang phé cua tia
X, dugc cho bdi nha cung cap).

Bang 1. Thanh phﬁn héa hoc cua cac vat liéu thi

nghiém
Khoang Sét Sét Proclay  Cat
Speswhite Fontainebleau
Si02 (%) 48.2 56.4 >99.7
AL Os3 (%) 36.9 28.7 <0.13
Fe,03 (%) 0.68 1.4 <0.03
TiO2 (%) 0.02 1.2 <0.03
CaO (%) 0.06 0.3 <0.03
MgO (%) 0.24 0.3
K20 (%) 1.59 0.8 <0.03
Na;O (%) 0.12 0.1

Qua trinh ché bi miu dugc chia thanh 2 giai
doan: Chuén bi mau va dim nén. Dau tién cat dugc
tron véi nude & mot do Am dinh trude. Sau do,
trong khi tiép tuc tron, dat sét dudi dang bot dugce

thém vao tir tir cho dén khi di ham luong yéu cau.
Qua trinh tron dugc thyc hién trong 10 phut.
Pudng cong thanh phan hat ciia hdn hop ct va sét
sau khi tron (ky hiéu Ksp20F80 va KPr20F80)
duoc thé hién trén hinh 2.

Sau khi d¢am bao tinh dong nhat vé thanh phan
hat, miu dugc ché bi bang phuong phap dam nén
dong Proctor tiéu chudn (miu dugc chia thanh 3
16p, mdi 16p dam 25 chay).

D6i voi mot s6 mau thi nghiém ¢ diéu kién bao
hoa nudc, dau tién mau duoc bio hoa bang khi
carbon dioxide, sau d6 tién hanh bdo hoa b@'mg
nude da loai bo khi trong thoi gian xap xi 24 gio.

Hinh 3 thé hién két qua ¢Am nén tiéu chuin cua
hén hgp KSp20F80 va KPr20F80. Dung trong kho
16n nhat 1an luot 1a 19,31KN/m? va 18.96KN/m.
D6 am tt nhit 13 10% cho ca hai loai hdn hop.
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Hinh 3. Puong cong ¢im nén tiéu chudn ctia hdn hop
sét-cat dung thi nghiém

2.2 Chwong trinh thi nghiém

Bang 2 thé hién cac loai dat sét dugc sir dung
trong cac thi nghiém (sét Speswhite, ky hi¢u Sp
hodc sét Proclay, ky hiéu Pr), gia tri 40 am dam
nén w, dung trong khé yq4, d6 bdo hoa S; va ap suat
thity luc tac dung Po. Mudi bon (14) thi nghiém xo6i
duoc thyc hién trén hon hop KSp20F80 va 9 thi
nghiém duoc thuc hién trén mau KPr20F80.

Bang 2. Cac dic trung chinh cta céc thi nghiém x6i Jet

Thi Sét w Yd Sr (%) P,
nghiém (%)  (kN/m’) (kPa)
1 Sp 4.97 17.53 27.49 8.4
2 Sp 5.08 17.77 91.41 16.9
3 Sp 5.97 18.29 37.86 8.4
4 Sp 6.18 18.03 95.70 8.4
5 Sp 7.96 18.56 53.15 8.4
6 Sp 8.17 18.60 98.56 8.5
7 Sp 8.49 18.98 61.52 8.4
8 Sp 8.56 19.00 91.22 8.4
9 Sp 10.03 19.27 76.93 7.1
10 Sp 10.03 19.24 80.97 8.5
11 Sp 11.74 18.41 76.25 8.4
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12 Sp 11.66 18.53 77.43 8.4
13 Sp 13.77 17.57 76.69 8.4
14 Sp 13.69 17.77 78.95 8.4
15 Pr 3.85 17.05 97.99 8.5
16 Pr 5.98 17.90 35.23 8.5
17 Pr 7.45 18.69 50.78 8.4
18 Pr 9.40 18.94 67.35 8.4
19 Pr 9.85 18.95 70.67 8.4
20 Pr 10.40 18.93 74.33 8.4
21 Pr 9.98 18.81 94.19 8.5
22 Pr 11.28 18.59 75.46 8.5
23 Pr 12.41 17.96 73.92 8.4
3. KET QUA THI NGHIEM

3.1 Két qua phan tich thi nghi¢ém JET theo
phwong phap ciia Hanson va Simon.

Két qua cta thi nghiém dau tién duoc phan tich
theo phuong phap cua Hanson va Simon va dugc
thé hién trén biéu d6 phan loai kha ning x6i cia
dat.

Hinh 4 chi ra két qua dat duoc dbi v6i dong thoi
ca hai loai hon hop cat-sét duoc dam nén & d6 4m
& nho hon do 4m tdt nhat. Chi c6 mot miu nim
trong khung phén loai c6 kha nang xay ra x6i (Pr-
16) hay nhay xo6i (erodlble) tat ca cac mau con lai

déu thudc loai rdt nhay x6i (x6i nhidu, very
erodible).
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Hlnh 5. Quan hé giira hé sb dic trung X01 va ing suét
cat thay luc gidi han (mau dam nén & d6 am tot nhat va
16n hon d6 m tSt nhat, hdn hop KSp20F80)

Trong sd nhitng mau nay chi ¢6 mau Sp-6 la
thudc lpai nhay x6i (erodi‘ble), con lai dugc danh
gia la rat nhay x6i (x6i nhiéu, very erodible).

Ddi v6i nhimg mau duogc ché bi tir hdn hop sét-
cat KPr20F80 dugc dam nén & dd Am t6t nhit hodc
16n hon d6 4m tot nhit (nhanh u6t cua dudng cong
dam nén Protor, xem hinh 6), c6 4 mau thuoc loai
nhay x0i (erodible, Pr-18; Pr-19; Pr-20; Pr-21) va 2
mau thudéc nhom co d6 nhay x6i rit cao (very
erodible, Pr-22 va Pr-23).
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Hinh 4. Quan h¢ gitra h¢ s6 ddc trung x6i va img suét
cét thuy lyc gidi han (mdu dim nén & d6 4m nho hon
d6 am tbt nhat, cho ca 2 hdn hop sét-cat)

Hinh 5 chi ra két qua phan tich cua mau
KSp20F80 dugc dam nen 6 d6 4m t6t nhat hodc &
cac d6 4m 1én hon dd Am tot nhat (nhanh wot cua
duong cong dam nén tiéu chuan Protor).
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Hinh 6. Quan hé giita hé sb dic trung xo6i va ing suét
cat thiy Iyc gidi han (mau dam nén ¢ d6 am tot nhat va
16n hon d am tot nhat, hon hgp KPr20F80)

3.2 Két qua phan tich thi nghiém JET bang
phwong phap nang lwgng.

Pé xét dén lich su tac dung cia tai trong thiy
lyc va ung xt cia mau dat thi nghiém, mot biéu dd
biéu dién khdi lwong x4i tich lity theo ning luong
tiéu hao tich lity dugc thiét lap. Biéu do co thé
phan thanh nhiéu khu vuc tly theo ti 6 Meroded dry
mas/ Eerosion , 1ién hé v&i kha nang xo6i, dugc dinh
nghia bang chi s6 cudng d6 x6i (Marot va cac cong
su 2011).



Hinh 7 chi ra két qua phan tich ning luong ciia
cac thi nghiém dugc thuc hién trén 2 hon hgp sét-
cat & do0 am dam nén nho hon dd am tot nhat.
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Hinh 7. Quan hé gitta khdi lwong x6i ¢ trang thai kho
va nang luong tiéu hao tich lay (mAu dam nén & d6 4am
nho hon d 4m t6t nhat, cho ca 2 hdn hop sét-cat)

Theo phuong phap phan tich nay, 4 mau dugc
mo ta thudc loai rat nhay x6i (x01 nhiéu) (Sp-1; Sp-
3; Pr-15; Pr-16) va 3 mau thudc dugc xEp vao loai
dé x6i (Sp-2; Sp-4; Pr-17).

Hinh 8 cho thdy trong sé ciac mau KSp20F80
duge dAm nén & d6 4m tot nhat va dd Am 16n hon
dd Am t6t nhit, c6 2 mau thudc loai nhay x06i
(erodible, Sp-5; Sp-7) va nhimg mau khac duoc
xép vao loai nhay vira (Moderately erodible, Sp-6,
Sp-8; Sp-9; Sp-10; Sp-11; Sp-12; Sp-13 va Sp-14).
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Hinh 8. Quan hé giita kh6i luong x6i & trang thai kho
va nang luong tiéu hao tich liy (mau KSp20F80, dam
nén & do am tot nhat va I6n hon d§ am tot nhat)

Déi voi cac miu KPr20F80 duge dam nén & do
am tot nhat va 16n hon d6 am tdt nhét, khung phan
loai cho thdy méau Pr-21 c¢6 cuong d6 chdng x6i
vira phai hay it nhay (Moderately resistant, Hinh
9), nhitng mau con lai dugc xép vao loai co kha
nang x6i & muc vua phai (Moderately erodible, Pr-
18; Pr-19; Pr-20, Pr-22 va Pr-23).
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Hinh 9. Quan h¢ giira khoi luwgng x6i & trang thai kho
va nang lugng ti€u hao tich 1ty (mau KPr20F80, dam
nén & do am tot nhat va 16n hon do am tot nhat)

4. BINH LUAN KET QUA PHAN TiCH
4.1 Su so sanh giira nhirng suw phan loai xéi

Két qua so sanh kha ning x6i trén cic mau thi
nghiém theo hai phuong phap duogc cho ¢ bang 3.

V6i ca 2 phuong phap phén tich déu cho ket qua
X6i tuong dbi nhu nhau trén tat ca cic mau thi
ngl}lem, ngoai tru mau Pr-21 ¢ dd nhay x6i nhd
nhat.

Tuy nhién phuong phap d& nghi boi Hanson va
Simon cho két qua 17 mau thudc loai “rat nhay”
x6i va 6 mau thuoc loai “nhay” x6i (Sp-6, Pr-16,
Pr-18, Pr-19, Pr-20 va Pr-21). Trong khi phuong
phap dua trén niang luong tiéu tan cho két qua: 4
mau “rat nhay” x6i (Sp-1, Sp-3, Sp-15 va Sp-16)
va 5 mau “nhay” x6i (Sp-2, Sp-4, Sp-5, Sp-7 va
Pr-17).

14 mau duoc phan loai “rat nhay” x6i theo
phuong phap cia Hanson va Simon dugc danh gia
thudc loai “nhay” va “nhay vira” theo phuong phap
nang luong (Sp-2, Sp-4, Sp-5, Sp-7, Sp-8, Sp-9,
Sp-10, Sp-11, Sp-12, Sp-13, Sp-14, Pr-17, Pr-22 va
Pr -23).

Bang 3. So sanh phan loai kha nang x61

Thi kq Te I 2Phan loai °Phan loai
nghiém (cm?/N.s)  (Pa)

1 91.55 0.0006 0.84 Ratnhay Ratnhay
2 73.91 0.0039 138 Réitnhay Nhay

3 132.40 0.0016 0.83 Réatnhay Rétnhay
4 26.39 0.0061 1.64 Ratnhay Nhay

5 22.73 0.0192 133 Réitnhay Nhay

6 1.68 0.2557 2.89 Nhay Nhay vira
7 8.64 0.0054 1.70 Rétnhay Nhay

8 3.71 9.8820 296 Réitnhay Nhay vira
9 2.97 0.0106 234 Réitnhay Nhay vira
10 2.49 0.0284 270 Rétnhay Nhay vira
11 7.03 0.0078 222 Ritnhay Nhay vira
12 8.25 0.0625 2.16 Réitnhay Nhay vira



13 7.37 0.0174 223 Ratnhay Nhay vira
14 6.04 0.3105 241 Réatnhay Nhay vira
15 269.80 0.0290 0.65 Ratnhay Rétnhay
16 83.35 0.0010 0.87 Nhay Rét nhay
17 7.17 0.0392 1.77 Rétnhay Nhay

18 1.41 0.0736  2.67 Nhay Nhay vira
19 1.47 0.0394 2.75 Nhay Nhay vira
20 1.86 0.3411 2.78 Nhay Nhay vira
21 0.74 0.3514 3.49 Nhay it nhay

22 2.21 0.1769 2.68 Ratnhay Nhay vira
23 3.87 0.0235 2.52 Rétnhay Nhay vira

%Phan loai kha ning x6i ciia dat theo dé xuédt cua
Hanson & Simon (2001).

b Phén loai kha nang x6i cuia dt theo dé xuat ctia Marot
va cac dong sur (2011).

Nhu vdy, phuong phap cta Hanson va Simon
du doan kha ning x6i thién vé an toan hon so véi
phuong phép dua trén nang luong ti€u hao.
Phuong phap nang luong duong nhu dé dang hon
(danh gia chi tiét hon) trong viéc phan loai kha
niang xo6i ddi voi cac loai dat dugc két luan rat nhay
x061 boi phuong phéap cua Hanson va Simon.

4.2 Anh hwéng cia do chit dim nén va dd bio
hoa

Bang su tach biét dic tinh phan tan (dispersive)
va khong phan tan (non-dispersive), Regazzoni va
Marot (2011) deé nghi mot biéu thirc biéu dién chi
s6 chbng x6i (chi 86 cuong d6 x6i) la ham phu
thudc 3 thong sb vat ly: d6 dam chat, do bio hoa
va sy khac nhau gitra ham luong nuéc trong dat sét
va do am giéi han chay. Vi cac mau thi nghiém
dugc ché bi theo phuong phap dam nén tiéu chuan
Protor & d0 4m nhé tt nhit nhé hon 1% nén can
nghién ctru anh hudng cua sy thay doi do am dam
nén dén do nhay x06i cua dat.

Vi céc tri sb d6 Am khac nhau ctua dit, béng
phuong phap dam nén dong cho phép dat dugc cac
mau dai dién cho mot pham vi rdng cua d¢ bao hoa
va dd chiat dAm nén. Thém vao do, sau giai doan
dam chit, c6 9 mau duoc bdo hoa (Sp-2, Sp-4, Sp-
6, Sp-8, Sp-8, Sp-10, Sp-12, Sp-14, Pr-15 va Pr-
21).

Gia trj chi sb toc do x6i theo do bdo hoa duoc
thé hién trén hinh 10 cho cic miu tron KSp20F80
va hinh 11 cho cac miu trgn KPr20F80. Ddi véi ca
hai hon hop cat-sét, cac mau dugc nhom thanh 3
loai dua theo dd 4m dam nén dbi voi do am tot
nhat: dd Am didm nén nhé hon dd am tdt nhat
(nhanh kho- dry side); d6 am t6t nhéat (optimum)
va d6 4m dAm nén 1én hon dd Am tot nhat (nhanh
udt-wet slide).
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Hinh 10. Quan h¢ gitta chi s6 toc d6 x06i va do bdo hoa
(mau thi nghiém KSp20F80)

D6i voi ca hai hdn hop sét-cat va xem xét trén
tat ca cac mau thi nghiém, ngoai trir nhitg mau
bao hoa dwoc ddm nén & dd 4m nho hon do am t6t
nhit (Sp-2, Sp-4 va Pr-15) cho thdy c6 mot su
tuong quan tuyén tinh gitra chi s6 cuong d6 x6i va
do bao hoa. He 5O tuong quan dat dugc (Rz) la
0.96, véi s6 lugng miu N=12 d6i voi hdn hop
KSp20F80 va N=8 cho hdn hop KPr20F80. Két
qua nay cho thiy d6 bao hoa c6 anh hudng 16n dén
kha nang x6i ctia dat.
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Hinh 11. Quan h¢ gitta chi s6 toc do x6i va df bao hoa
(mau thi nghiém KPr20F80)

4.3 Anh hwéng ciia vi cAu tric dat

Xem xét mau thi nghiém Sp-2, duoc bdo hoa
sau khi ddm nén & d6 4m nho hon do 4m t6t nhat
(nhanh kho) va mau Sp-14 dugc bio hoa sau khi
dam nén & do Am 16n hon d6 4m t6t nhat (nhanh
wét). Ca hai miau c6 cung dung trong kho
(17,7KN/m?) nhung Sp-2 ¢6 do bdo hoa S;
=91,41% va gia tri cta chi s6 x6i I, = 1.38. Trong
khi do6 Sp-14 c6 do bao hoa S; = 78.95% va la =
2.41. Thém vao d6, khi so sanh cac miu dugc dam
nén & nhanh khd (W < wopt) v6i nhitng mau dugc
dam nén ¢ nhanh udt (W > Wopt) déu cho gia tri cia
chi sb toc do xo6i nho hon mét cach twong umg.
Céc két qua nay cho thiy rang ngay ca véi cac mau
thi nghiém sau khi duoc bdo hoa, cac miu duoc



dam nén & d6 4m nhé hon do 4m t6t nhit van c6 do
nhay x6i 16n hon céc mau dugc dAm nén & do Am
16n hon d6 am t6t nhat.

Pé nghién ctru két ciu vi mod cia cac mau dat
thi nghiém, 3 miu cat sét dugc chuan bi boi
phuong phap dam nén dong (Protor tiéu chuan) 03
gla tri d6 am khac nhau tuong tmg véi do am tot
nhat, nho hon d6 4m tdt nhét va 1én hon do 4m tdt
nhét. MAu thi nghiém dugc 1§y ra tir mdi miu dAm
nén va duoc sdy kho trong 24 gid ¢ nhiét d6 60°C.
Str dung thiét bi do do do rSng Porosimeter
(Autopore III 9420) tién hanh bom thity ngan véi
ap luc dat dén tri sb 16n hon 200MPa vao cac 18
rong trong két ciu dit dé xac dinh d6 rdng ciia mdi
mau. Theo luat cia Whasburn, véi ap luc bom nay
cho phép thily ngan di vao cac 16 rong c6 duong
kinh xap xi 6nm.

Su phén bd kich ¢ 16 rSng duoc minh hoa &
hinh 12 cho mau tron KSp20F80 va hinh 13 cho
mau tron KPr20F80. Ddi véi ca hai loai hdn hop
cat-sét, pham vi phan b kich c& 16 rdng nim giira
6nm dén 10000nm. Puong kinh thim c6 thé duoc
dinh nghia 1a dudng kinh 16 rdng twong tng voi gia
tri 1on nhit ciia thuy ngan duoc bom vao.
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Hinh 12. Phan b kich ¢& 15 rong (mau KSp20F80)

086 I
== KPr_9%

1000000

05 1 - KPr_10%

A KPr_12.5%

dVidlogD(ml/g)

— - o8, A A A 4y
100000 10000 1000 100 10 1
Pore Diameter (nm)

Hinh 13. Phan b6 kich ¢& 15 rong (mau KPr20F80)
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Bang 4 cho thay gia tri cua duong kinh thim
cua céac rnau giam dan tir mau co tri 86 do a 4m nho
hon do6 am f[ot nhét dén miu c6 d6 4m tdt nhat va
16n hon d6 4m t6t nhét.

Béang 4. Cac dac trung chinh cta thi nghiém MIP

Loaisét Do am dam nén Duong kinh
(%) thim (nm)

Sp 6 30189
Sp 10 21314
Sp 12.5 6637

Pr 9 30192
Pr 10 30188
Pr 12.5 1863

Nhing két qua & trén cho thdy rang do nhay xoi
bé mat giam v6i duong kinh tham va duong kinh
nay duoc st dung dé dac trung cho anh huong cua
két cau vi md cua dat. Dé khang dinh anh hudng
ctia két cau vi mo cua dat dén do nhay x6i bé mat
trén nhiéu loai ¢t doi hoi can thiét phai co nhing
nghién ciru tiép theo.

5 Két luan

Mot thiét bi thi nghiém JET da duoc st dung dé
mo ta do nhay xo6i bé mat cta hai loai hdn hop cat-
sét. 23 mau duoc dAm nén theo tiéu chuin Protor
voi ham lugng nudc khac nhau va mot vai mau
dugce ngdm bio hoa sau giai doan dAm nén.

Két qua tir thi nghiém Jet di dwoc phan tich
theo 2 phuong phap va so sanh cho thdy ring
phuong phdp phan tich dya vao nang luong khong
qua thién vé an toan va xuét hién tinh hiéu qua hon
dé dy doan mot cach tuong ddi kha niang x6i cia
cac loai dat.

Pbi voi ca hai hdn hop cat-sét thi nghiém, do
nhay x6i dugc dinh nghia bang chi s6 cuong do x6i
c6 mot quan hé tuyén tinh voi do bdo hoa. Tham
chi sau khi bdo hoa, cac mau dugc ddm nén & d6
4m nho hon d6 4m tot nhat van c6 do nhay x6i lon
hon cac miu duoc dam nén & d6 4m 16n hon d6 4m
t6t nhat. Cac két qua nay cho thiy anh huong cta
két cau vi mo cua dat, dac trung bang duong kinh
thim cua qua trinh xdm nhap thay ngan, dén do
nhay x6i bé mit.

6 Loi cam on

Céc tac gia cam on Ngan hang Thé gidi (du 4n
TRIG, DPai hoc Pa Ngng, Viét Nam), Dién luc
Phép, T6 chirc Nghién ciru qudc gia Phap (ANR-
ERINOH), va Vién nghién ctru va thit nghiém
trong Xay dung (IREX) da hd trg kinh phi cho
chuong trinh nghién ctru nay.

7 Tai liéu tham khao
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