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Tém tat. Tang chtra nudc han ché duge xem nhu 14 tAng nudc ngdm nam phia dudi muc nude ngam tu
do. T?mg chira nuéc han ché nay duoc tich tu trong 16p cat, da hodc 16p soi san co tinh thdm 16n, thuong
nam gitra hai hodc nhiéu 16p khong tham nhu 16p dat sét, sét yéu. Vi tang nudc han ché c6 ap suat 16n hon
ap suat khi quyén, nén khi tién hanh mot 15 xuéng 16p nay tir mat dat, nudc co thé bi ddy 1én trén mit dat
(artesian pressure) qua 16 khoan d6. C6 thé thay rang 16p dat khong thim (sét, sét yéu) chiu mot ap luc di
Ién tir tang nudc han che (ap lyuc artesian). Hién tugng dia chét nay thuong duoc tim thdy ¢ cac khu vuc
ddng bang hay d6 thi nim & cic vung thung liing, duoc bao quanh béi ddi ntii hay khu vuc dia hinh cao
hon. Viéc khao sat dac diém cudng do va tng xir ¢ két ciia 10p dat yéu nam trén ting chtra nudc han ché
nay 1a can thiét trong dia k¥ thuat. Nhin chung cac nghién ctru trudc ddy chua dé cap dén van dé phuc tap
nay. Bai bao nay tién hanh mét 101 giai phan tich dic diém ¢ két theo phuwong ngang cho 16p dét sét duoc
gia cb boi bac thdm va chiu ap luc tir dudi 18n cia tang chira nude han ché. Két qua cho thiy tde do cb két
din ra chdm hon so véi qua trinh ¢ két trong truong hop cta 16p dat yéu khong co ting ap luc nude han
ché. Loi giai ¢6 thé van dung cho van dé xtr Iy nén trong trudng hop cac 16p dat yéu chiu ap lyc tir tang
nudce han ché.

Tiwr khoéa. Tﬁng chira nuée han ché, dat yéu, cuong do, do am, cb két, sét.

1 GIOI THIEU

Dbi v6i cac cong trinh dudng dip trén nén dat yéu, viéc phan tich tng xir c¢b két ciia nén dat yéu ludn 1a
van dé quan trong va phirc tap trong dia k¥ thuat. Cac dic diém cua Gng xir ¢b két 1 van dé can duoc khao
sat qua cac thong sb nhur nudc 16 rng ban dau, tinh nén lin, lich sir qua trinh chiu tai. Cac tang chira nudc
cling 14 mot yéu t6 anh huong dang ké dén tng xr cua 16p dia chit dudi nén duong, dic biét khi cac tang
néy c6 &p luc 16n tir phia c6 dia hinh cao. Cac ting chita nudc ndy thudng duoc goi 1a “tang chira nudc han
che hay tang chira nudc c6 ap (tang ap luc artesmn) Tang chira nudc han ché dugc xem nhu 13 tang nude
ngim nam phia dudi myuc nudc ngam tu do. Tang chira nuéc han ché nay dugc tich tu trong 16p cat, da
hoic 16p soi san ¢6 tinh thAm 16n. Tang nudc han ché nay thudng nam giira hai hogc nhiéu 16p khong tham
nhu 16p dat sét, sét yéu. Vi tang nuéc han ché c¢6 ap suit 16n hon ap suat khi quyén, nén khi tién hanh mot
16 khoan xudng 16p nay tir mat dt, nudc cé thé bi day 1én trén mat dat (artesian) qua 16 khoan d6. C6 thé
thdy riang 16p dat khong thim (sét, sét yéu) chiu mot 4p luc di 1én tir tang nude han ché (4p luc artesian).
Hién twong dia chat nay thuong dugc tim thdy & cac khu vuc dong bang hay d6 thi ndm & cc ving thung
liing, dugc bao quanh béi ddi nui hay khu vuc dia hinh cao hon [1].

Hinh 1 minh hoa ting chita nudc han ché c6 ap luc artesian, gdy anh huéng dén 16p déat yéu bén trén. Lép
dat yéu chiu anh huéng ctia ap luc artesian thudong chiu moét ap luc hudng 1én va c6 ap luc nude 16 rong
ban dau & trang thai tinh 16n hon so véi cac trudng hop binh thudng.
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Cot ap luc artesian tur tang chira nudc
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Hinh 1: Tang chira nudc han ché & cac khu vuc ddng bang ¢ Busan [1]

Nhin chung ap luc artesian thuong hién dién trong lép dét yéu & cac khu vuc song, thung lting, & cac khu
vuc dong bang duoc bao quanh 1a dia hinh cao nhu dat yéu Yangsan (Han Qudc). Mot s6 nghlen cuu trude
day cho thay rang ap lyc tir tang chtra nudc han ché gay ra su loc mudi ¢ khu vuc gan bién dan dén tang
tinh lun trong dat va do dé do lun xay ra 16n hon so véi dy doan [1 4]. Gan day, Kim va cong sy [2] tién
hanh khao sat anh huong cua ap luc tr tang chira nuéc han ché dbi véi tmg xir ¢d két qua cac mo hinh thi
nghiém trong phong. Két qua cho thiy rang ap luc tir ting chira nudc han ché giy can tré viéc phat trién
cuong do cua 16p dat yéu. Ap luc nude 15 rdng trong dit voi ap luc tir tang chira nuée han ché 16n hon so
véi trudng hop dat khong co ap luc tir ting chtra nudc han ché.

Theo mot s6 nghién clru tren thé gioi [4- 5] ap luc tir tAng chu:a nu6e han ché co thé tao ra do thdm nudc
mua, ddng ha muc nudc ngdm hoic cac yéu td khac tir d6 xudt hién dong thdm di xuyén qua cac 16p dit,
dan toi viée lam thay d6i ddc diém ap luc nude 16 rdng ban dau. Khi chiu tai trong cong trinh, ap luc nudc
16 rdng thing du tiéu tan chim ciing 1am anh huéng dén qué trinh phat trién cudng d6 cho 16p dét chiu ap
Irc tir tang chira nude han ché.

Viéc khao sat ddc diém va ing xtr ¢6 két cuia 16p dat yéu nam trén tang chira nudc han ché nay 1a can thiét
trong dia ky thuat [3]. Nhin chung cac nghién c1’1’u true diy chua dé cap dén van dé phuc tap nay Bai bao
nay tién hanh mot 161 giai phén tich dic diém cb két theo phuong ngang cho 16p dat sét dugc gia cb boi bic
tham va chiu ap luc tir dudi 1én ciia tang chira nude han ché.

2 MO HINH TOAN
Trong nghién ctru ndy, 15 giai giai tich s& dugc phat trién cho qua trinh c6 két ctia nén dét yéu dugc gia c6
bac thdm (PVD) trong mé hinh d6i xtmg truc (unit cell), c6 xem xét anh huong ciia ap luc nudc tir tang
chtra nudce han ché. Dé phat trién 10i giai, mot sb gia dinh sau dugc st dung:

(1) Loi giai giai tich dugc xay dung dua trén md hinh ving anh huong nhu Hinh 2;

(2) Mot sb gia dinh tir 10i giai giai tich ciia Hansbo [6] dugc sir dung;

(3) Loi giai dugc tién hanh véi gia thiét bién dang (&, ) 1a mot chiéu theo phuong thang ding (1-D);

(4) Tai trong tic dung 1én md hinh unit cell dwgc xem nhu 1a tire thoi véi gia tri Uo

(5) B6 qua anh hudng cia sy x4o tron dat trong qua trinh cam béc tham;

(6) Ap lyc tir tang chira nudc xay ra trong sudt qué trinh cb két véi gia tri ap luc 1a Pa,

(7) Bé qua sy thim tir dudi 1én cua ap luc P, chi xét anh hudng ap luc Pa thay ddi tuyén tinh theo

chiéu sau 16p dat theo quy luat ap luc nude thiy tinh;
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(8) Ap luc Pa 1a ap luc nguoc tir ting chtra nuéce han ché, s& 1am tri hodn qua trinh cb két cua dat. Néu
g01 Uy 12 4p luc nudce 16 rong tai ban kinh rw, cac di€u kién sau c6 the st dung:

z=0;u,=0
1
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Sy phan bé dp Iye nudce 16 rdng theo chiéu sau

a

Hinh 2: Ving anh huong cia try dat chiu anh huong ap luc nude tir ting han ché

Dua vao 10i giai ciia Hansbo [6], 10 giai dugc phat trién voi ap luc nudc 16 rdng thing du trung binh trong
vung anh huong nhu sau:

_ P y,, 0g, R?
U=-tz4+% Y — 2
L 2k @
trong do
Inn 1 1 K, 1
1_? wa

& day n=R/ru, v6i R 1a ban kinh ving anh huéng, ry 1a ban kinh ctia bac thim, o, 1a do bién dang mét
chiéu theo phuong thang dimg trong khoang thoi gian ot , z 1a chiéu sau, L 14 chiéu day 16p dat, Qwa 1a kha
ning thoat nude ciia bac tham; kn 1a hé s6 tham theo phuong ngang ciia dat ty nhién. Gia sir d9 bién dang
theo phuong thang dung c6 moi quan hé nhu sau:
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thang du trong nén sudt qua trinh c6 két. Khi do, tir Phuong trinh (2), ¢6 thé suy ra cong thirc tinh ap luc
nudc 10 rong trong suot qua trinh ¢o két nhu sau:

P 8T,
U:(Uo——azje “op2g 4)
L L
trong d6 nhan t6 thoi gian c6 két theo phuong ngang T, duoc tinh theo cong thirc sau:
k.t
—_ h 5
" 4my,R? ©)

C6 thé thay rang ap luc nude 16 rdng thang du trong ving anh hudng voi ap luc tir ting chira nude han ché
ludn 16n hon truong hop binh thuong mot gia tri Paz/L kPa. T d6 c6 thé thay rang qua trinh co két cta dat
chiu ap luc tir tang chira nude han che ludn xay ra chdm hon so vi binh thuong.
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3 PHAN TiCH CO KET NEN PAT CHIU AP LUC TU TANG CHUA NUOC

Dé phan tich ing xir cb két mot nén dat yéu gia b PVD chiu ap luc tir ting chira nudc han ché, dic diém
dia ky thuat lién quan dén bac tham sau c6 thé 1ay vi du dé sir dung phan tich tmg xtr c¢b két cua dét nén
(nhu Bang 1). Trong phan tich nay bo qua cac anh hudng ciia sy x4o tron trong dit do qua trinh cim bac
thim, bé qua anh hudng d6 can tham do su bién dang ctia bac thAm. Nén chiu tai trong phan bd déu véi tai
trong Uo = 100 kPa. Gia sir tai duoc tac dung 1én nén dat dang tai tirc thoi.

Dé thiy duoc Gmg xtr ¢b ké nén dat chiu 4p luc nguoc tir ting chira nude c6 sy khac biét voi trudng hop
khong c6 ap luc nudce, 10i giai Hansbo [6] ciing s& duoc tién hanh ap dung phan tich va sau d6 s& so sanh
két qua ung xir c6 két v6i truong hop nghién ciru.

Bang 1: Dic diém nén dt yéu co gia cd PVD chiu ap Iyc nudc tir ting chira nude han ché

Théng sb Gia tri Pon vi
R 0.525 m

My 0.025 m
N=Re/rw 21 -

Qwa 0.5 m3/day
L 20 m

o 0.1 m2/day
Kn 0.00173 m/day
Pa 20 kPa

Uo 100 kPa

Hinh 3 thé hién két qua qua trinh tiéu tan ap luc nude 16 rdng thang du trong nén theo thoi gian véi cac gia
tri nhan to thoi gian khac nhau. Két qua cho thay ap lyc nudc 1o rong ti€u tan theo thoi gian, gidng nhu
truong hop thong thuong (khong cé ap luc).

Ap luc nudc 16 réng (kPa)
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Hinh 3: Qua trinh tiéu tan 4p lyc nu6c 16 rong thing du trong nén theo thoi gian
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Hinh 4 thé hién ap luc nudce 16 rong du trung binh trén mot mét cit ngang cua ving anh hudng va phan bd
déu theo chiéu sau 16p dat. Két qua thé hién tai hai thoi diém tuong tng véi nhén t6 thoi gian Th=1 va Th=2.
Két qua cho thdy qua trinh cb két déu xay ra cho hai truong hop c6 va khong c¢6 ap luc nudc tir tang chira
nude han ché. Theo thoi gian, ap luc nude 16 rdng du déu giam. Trong d6 ap luc nude 16 réng trong trudng
hop chiu ap lyc nudce tur tﬁng chira nude han ché tiéu tin chadm hon so véi truong hop khong cé ap luc nudce
Pa. Do d6 c6 thé thay rang ap luyc nudc tir tang chira nudc c¢6 kha ning lam cham qua trinh c¢6 két trong dét.
Nhin chung, két qua nay pht hop véi nghién ciru trude dy ciia Kim va cong su [2]. Két quéa thi nghiém lin
¢d két ctia Kim va cong su [2] cho thay qué trinh ¢b két va phat trién cudng d6 cua dat chiu ap luc nudce tir
tang chira nude han ché xay ra cham hon déng ké so véi truong hop thong thuong,
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(b) Nhan t6 Th=2

Hinh 4: Sy phan b ap luc nude 16 rdng dur trong sudt qué trinh c6 két theo chiéu sau 16p dat
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Hinh 5 thé hién d6 c6 két theo chiéu sau 16p dét chiu ap luc nude tir ting chira nuéce han ché. Két qua cho
thdy qua trinh d6 c6 két déu tang theo thoi gian cho hai truong hop ¢ va khong co ap luc nudc tir ting
chtra nuée han ché. Tuy nhién, toc d6 cd két trong nén trong trudng hop nén chiu ap luc nudc tir tang chira
nude han ché ludn nhé hon so véi truong hop khong ¢ ap luc nude. Do d6 c6 thé thiy rang ap luc nude tir
tang chl'ra nude c6 kha nang 1am cham qua trinh c¢6 két trong dat. Két qua cho thay, khi d6 sau céng tang,
d6 cd két cang giam. Tai d6 sau z = 20m (day 16p dét), d6 cb két chi dimg lai & gid tri 80%. Két qua nay
xay ra vi sy hlen dién ciia ap lyc nude tir ting chua nudc han che (co gia tri Pa = 20 kN/m?). Két qua thi
nghiém Iun cb két cia Kim va cong su [2] cho thdy qua trinh ¢ két va phat trién cuong do cua dat chiu ap

lyc nude tir tang chira nude han ché xay ra cham hon déng ké so véi truong hop thong thuong.
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(c) Taidosauz=15m
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Hinh 5: Téc dd ¢ két theo chiéu sau l6p dét chiu ap luc nudc tu tﬁng chira nudc han ché

4 KET LUAN

Bai bao nay tién hanh phat trién mot 101 giai giai tich dé phan tich timg xir c6 két theo phuong ngang cho
16p dat sét duoc gia cb boi bac thim va chiu ap luc tir dudi 16n cua ting chira nude han ché. Két qua cho
thay toc d6 c6 két dién ra cham hon theo chiéu sau so véi qua trinh ¢ két trong trudng hop cua 16p dat yéu
khong c6 tang ap luc nudc han ché. Nhin chung, su tri hodn trong qua trinh b két cua l6p dat sét do ap luc
tir tang chira nuéc phu thudc vao gia tri ap luc artesian hay chleu cao cot ap trong ting nay (gia tri P, trong
Phuong trinh 1) Tac gia trong bai bao kién nghi 1oi giai dé xuat co thé van dung cho van dé tinh toan thiét
ké xtr Iy nén dat yéu v6i bac thim trong truong hop cac 16p dat yéu chiu ap luc tir tang nudc han ché.
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ANALYTICAL SOLUTION OF LATERAL CONSOLIDATION OF VERTICAL
DRAIN-IMPROVED SOFT SOIL SUBJECTED TO CONFINED WATER PRESSURE

NGUYEN BA PHU", NGUYEN THI PHUONG LINH
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Abstract. A confined aquifer is seen as an aquifer that lies below the free groundwater level. This aquifer
is accumulated in a permeable layer as sand, rock or gravel. The confined aquifer is usually located between
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two or more impervious layers such as a soft clay or clay layer. Since the confined aquifer has a pressure
greater than the atmospheric pressure; therefore, as a borehole down to the aquifer layer from the surface
ground was carried out, the water can be pushed up above the ground (artesian pressure) through the
borehole. It can be seen that the impervious soil layer (clay, weak clay) is subjected to an upward pressure
from the confined aquifer. This geological phenomenon is usually found in plain or urban areas, which is
often located in valley areas and surrounded by hills or higher terrain areas. The investigation of the strength
characteristics and consolidation behavior of the soft soil layer located on these aquifers is necessary in
geotechnical engineering. Generally, the previous studies have not considered this complicated problem.
This paper develops an analytical solution of the lateral consolidation of a clay layer improved by vertical
drain, and is subjected to pressure from the confined aquifer. The results show that the rate of consolidation
takes place slower than the consolidation process in the case of the soft soil layer without the pressure from
the confined aquifer. The solution can be applied to in the ground treatment in the case of soft soil layers
subjected to pressure from limited aquifers.

Keywords. Confined water, soft soil, strength, water contents, consolidation, clay.
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