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TOM TAT

C6 nhiéu nghién ciru vé tng xir ciia nén dit yéu dwoc gia cb bang tru dat-xi mang va day ciing 1a mot phuong
phép gia c6 kha phd bién cho dat yéu. Bai bao nay tién hanh khao sat ing xir c6 két ciia nén dit yéu duoc gia cd
bang phuo’ng phap do dudi tai trong dat dap thong qua céac truong hop md phong bang chuorng trinh PLAXIS. Két
qua cho thdy rang khi tang tiét dién ciing nhu chiéu dai cua tru thi d6 14n cua nén giam va téc do cd két tang nhanh
do su ting 1én cua hé sb cd két. Chiéu day cua phan dit yéu khong dwoc gia cb cang giam thi d6 14n cua nén cang
giam va téc do b két cua nén cang tang. Tir do, c6 thé rat ra két luan rang, tiét dién tru va chiéu dai tru 1a hai thong
s6 quan trong khi thiét ké nén dat dap trén nén dat yéu duoc gia c¢b bang tru dat-xi ming trong viéc diéu chinh thoi
gian cb két theo mong muén.

Tir khoa: Do cb két; gia cb dit yéu; try dat-xi ming; ty s6 gia cé chiéu sau; ty s gia cb dién tich.

Application of 2D PLAXIS program in analyzing consolidation behavior of soil-
cement column improved soft ground under embankment load

ABSTRACT

There have been much research on consolidation behavior of soil-cement column improved soft ground, a
fairly popular soft soil improvement technique. This article investigate the consolidation behavior of the composite
ground under embankment load using simulated cases with PLAXIS program. The results showed that when
increasing the cross section as well as the length of the column, the settlement will decrease and the consolidation
rate will speed up because of the increase in consolidation coefficient. The more the thickness of unreinforced weak
soil reduces, the more the settlement falls and the consolidation rate increases. Thus, it can be concluded that the
cross-section area and the length of the column are two key parameters in design of embankment on the soil-cement
column improved soft ground for adjusting consolidation time as expected.

Keywords: Degree of consolidation; soft soil improvement; soil-cement column; depth improvement ratio;
area improvement ratio.

1. Giéi thiéu

Phuong phép tron bot hodc ho xi ming
vao trong dit yéu dé tao ra nhiing try dat-xi
ming dugc st dung kha pho bién dé cai tao
nén dat yéu. Dé tai nay thu hat nhiéu su quan
tdm cua cac nha nghién cau nham muc dich
du doan cac ung xu caa nén dat yéu duoc gia
cd bang tru dat-xi mang. C6 hai van dé 16n

lién quan dén d6i twong nay, do 1a st chiu tai
va bién dang cua nén sau khi dwoc gia cd.
Nhiéu nghién ciru di tién hanh khao sat vé
cuong do va do cang tong thé cua try dat-xi
mang (Muntohar va cong su, 2013; Harianto
va cong su, 2013; Horpibulsuk va cong su,
2011; Miura va cong su, 2011). Ngoai ra mot
s6 két qua nghién cau vé ung xu cb két cua
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nén dat yéu duoc gia cb bang tru dat-xi ming
cling di dugc céng bd (Chai va cong su,
2009; Chai va cong su, 2010; Horpibulsuk va
cong su, 2012).

Tuy nhién, cac nghién ctu vé tng xt ¢b
két cua nén dat duoc gia cb bang tru dat-xi
ming van con gidi han, nhat 1 su tiéu tan &p
lyc nudc 16 rong thing du trong cac bai toan
thyuc té. Didu nay dong vai trd rit quan trong vi
nd quyét dinh dén tdc do cd két cua nén, qua
d6 anh huong dén thoi gian két thic cb két.

Do d6, bai bao nay nham muc dich khao
sat co ché tiéu tan ap luc nude 16 rong thang
du ciing nhu do 1Gn ¢ két so cap on dinh cua
nén dat yéu duoc gia ¢b bang tru dat-xi mang.

Pé dat dwoc muc tiéu nay, cac trudng hop gia
dinh dwoc dit ra va duoc phan tich bang
phuong phép phan tir hiru han, cu thé hon dé
la bang chuong trinh PLAXIS. Qua d6, danh
gid dwoc su anh huong cua ty sb gia ¢b dién
tich as (as 1a ty s gitra dién tich tiét dién cua
mot tru dat-xi mang va dién tich vung duoc
gia cd bai try d6) va ty sé gia cb chiéu sau b
(b 1 ty s6 giira chiéu dai try va chiéu sau 16p
dat yéu duoc gia cd) dén d6 1un 6n dinh va téc
d6 cb két cua nén. Ngoai ra, gop phan 1am rd
hon vé su tiéu tan &p lyc nudc 16 rdng thing
du trong nén dat yéu dugc gia cb do.

2. Céc phan tich sé bing chwong trinh
Plaxis

s
s

Hinh 1. M6 hinh bai toan

Ung xur caa nén hdn hop (trudc khi try bi
pha hoai) dugc khio bang chuong trinh
PLAXIS 2D théng qua cac bai toan gia dinh.
Tir céc két qua mo phong, mot loat cac dbi
chiéu dugc thuc hién nhiam rat ra duoc vai trd
cua ty s6 gia ¢ dién tich (as) va ty sb gia cb
chiéu sau (bs) dén tng xur ¢ két. B4i véi phan
tir luéi cua bai toan, phan tr tam giac 6 nit
duogc st dung cho phén tich su tiéu tan cua ap
lyc nuée 16 réng va phan tir tam giac 15 nat
dugc ding dé phan tich tng suit — bién dang.
M6 hinh cua bai toan gom phan dat dap (dat
cat) c6 chiéu cao 3.5 m, chiéu rong mat trén 1
15.0 m, chiéu rong day 1a 30.0 m; ngoai ra,

con c6 dém cat day 0.5 m, chiéu day Iop dat
sét yéu 1a 15.0 m, bién dudi duoc gia dinh l1a
thoat nuge. Thoi gian thi cong nén dat dip la
40 ngay. Do bai toan ddi xung nén chi khao
sat phan bén phai cua bai toan vi md hinh bai
toan bién dang phang (Plane Strain Model)
(xem Hinh 1). C4c tru dat - xi mang dugc md
phong bang cac ving (clusters) voi cac thong
s6 dic trung riéng cua tru. Bé rong b cua cac
vung (clusters) d6 duoc quy doi theo nguyén
tic twong dwong vé dién tich tiét dien theo
biéu thac b=7d*/(4s), véi d va s la cac

théng sb nhur trong Bang 1.
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Bang 1

Cac thong sb vé tru dét - xi ming

Trat d L as bs S
ruome hep (m) (m) (m)
1 0.5 4.0 0.05 0.27 2.00
2 1.0 4.0 0.20 0.27 2.00
3 1.0 10.0 0.20 0.67 2.00
4 1.0 15.0 0.20 1.00 2.00
Bang 2
Théng sb vat liéu
Vat liéu Tru dat-xi ming Pat cat Pit sét yéu Pon vi
M6 hinh Mohr-Coulomb Mohr-Coulomb Soft Soil
Loai tng xur Undrained Drained Undrained
Yunsat 14.00 17.00 16.00 kN/m?
Psat 14.00 20.00 18.00 kN/m?
Kn 5.00E-06 3.43E-04 1.00E-07 m/min
Ky 5.00E-06 3.43E-04 1.00E-07 m/min
E' 120,000 13,000 - kN/m?
s - - 0.0950 -
K - - 0.0095 -
v 0.30 0.30 0.30 -
c' 600.00 1.00 1.00 kN/m?
Q' 25.00 37.00 21.00 °

C6 bén truong hop dugc khao sat nhu
trong Bang 1, trong d6 d 1a duong kinh try, L
1a chiéu dai tru, s 1a khoang cach tir tim dén
tAm giita cac try. Cac trudong hop 1 va 2 dé
khao sét vé sy anh hudng cua ty sé gia ¢ dién
tich as, cac truong hop con lai dé kiém tra su
tac dong cua ty sb gia cd chiéu sau b

Cac thong sé vat liéu duoc liét ké trong
Bang 2. M6 hinh Soft Soil dugc s dung cho
dat sét yéu, md hinh Mohr-Coulomb duoc st
dung cho dat cat. Do tru dit-xi ming la mot

loai vat li€u c6 cuong do chiu nén vuot xa do
bén chiu kéo, nén mo hinh dan hoi — déo ly
tuong Mohr-Coulomb ciing dugc sir dung cho
vat liéu nay. Vi tinh tham kém cua dit yéu va
tru dat-xi mang nén duoc md phong véi ung
xtr khong thoat nudc (undrained), con dat cét
dugc m6 phong voi Gang Xt thoat nudc
(drained). Hé sb tham theo phwong dung va
ngang duoc gia thiét 1a nhu nhau. Ngoai ra, su
tuong tac giira tru va dat xung quanh tru dwoc
xem nhu 13 hoan toan nén khong can sir dung
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phan tir tiép xtc doc theo tru trong phan tich.

a. Phan tich vé dg lin cé két so cd}? on dinh

Mot cach tong quat, xem khéi dat yéu bén
dudi nén dat dap gdm hai phan: phan duoc gia
cb va phan khong duoc gia cb. Tru dat-xi
ming trong nén dat yéu lam ting do cung
téng thé cua phan duoc gia cb. Khi thay doi
tiét dién try va chiéu dai tru thi mo-dun bién
dang ciia khdi dugc gia cd Egomp ciing thay doi
theo. Hinh 2 trinh bay su so sanh vé d6 1an ¢
két so cap giita cac truong hop. Ddi chiéu chi
tiét gitta cac truong hop nhu sau:

Céc trudng hop 1 va 2 ¢6 cing chiéu dai
tru nhung duong Kinh tru trong truong hop 2
I6n hon trudng hop 1, tic 12 ty s6 gia c6 dién
tich as cua truong hgp 2 16n hon truong hop 1.

Két qua cho thy ring, truong hop 2 c6 do ldn
bé hon vai truong hop 1. Do do, gia tri cua as
cang tang thi do 1Gn cua nén cang giam.

Dbi véi cac truong hop 2, 3 va 4 ¢
duong kinh tru nhu nhau nhung chiéu dai tru
khac nhau. Két qua cho thdy sy anh huong
cua ty sb gia cd chiéu sdu bs ciing twong tu
nhu 1a ty s6 gia ¢b dién tich as. Ngoai ra ciing
cho thiy rang, d6 lGn cia phan khong duoc
gia cd bén dudi tru 1a cha yéu vi md-dun bién
dang caa n6é nho hon rat nhiéu so voi phan
trén. Diéu d6 thé hién rat 15 trong trudng hop
4 khi duoc so sanh vai cac truong hop con lai.
Cu thé, néu dat tru xuyén qua toan bo 16p dat
yéu thi d6 lGn s& giam rat nhiéu so vai cac
treong hop tru treo.

Thoi gian (ngay)

1.E+06 2.E+06 3.E+06

4 E+H06

5.E+06 6.E+06 7.E+H06 8.E+06

0.2

0.4 -

PG lun (m)

0.6

0.8

—a—Truong hop 1
—a—Truong hop 2
—+—Truong hop 3

—O0—Truong hop 4

Hinh 2. So sanh cac duong ltn cb két theo thoi gian cua cac truong hop
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b. Phdn tich vé su tiéu tan dp luc nwée 16 rong thang du

Hinh 3. Vi tri cac diém khao sét

Su tiéu tan ap luc nude 16 rong thang du
la mot khia canh quan trong trong véan dé cb
két va nhat 1a trong cong tac gia cd nén dat vi
qua d6, né quyét dinh dén tién do thi cong cua
du 4n. Pé c6 thé nhan thiy rd rang hon, 1an
luot xét cac diém trong dat yéu xung quanh
coc VA gan Vvéi truc d6i xing cua bai toan.
Trong d6, A, B, C va D lan luot 1a cac diém ¢
gan dau try, gitra tru, mii tru va bén dudi tru
(xem Hinh 3), riéng treong hop 4 thi khéng co
diém D trong trudng hop md hinh bai toan
duogc dat ra nhu trén véi tru xuyén qua toan bo
chiéu day 16p dat yéu. Tir Hinh 4 dén Hinh 7,
so sanh su tiéu tan ap hec nuéc 16 rong thing
du tai cac diém khao séat trong nén cho cac
truong hop. Khi di tir A dén D thi toc d6 tiéu
tan &p luc nuoc 16 rdng thing du giam dan,
nghia 1a sy tiéu tan dién ra nhanh nhit & A,

cham hon & B, C va cham nhat la & D. Két
qua dugc rit ra cu thé nhu sau:

Déi voi truong hop 1 va 2, toe do tiéu tan
s& duoc day nhanh khi ting gia tri cua ty sd
gia c6 dién tich as.

Déi véi truong hop 2, 3 va 4, toe do tiéu
tan s& dugc day nhanh khi ting gia tri cia ty
sb gia c6 dién tich bs.

Hon nita, cling trong tu nhu khi xét vé do
ln cb két so cip on dinh, tc do tiéu tan ap
lyc nudce 16 rdng thang du trong nén, hay néi
khac hon 1a téc d6 cb két, dién bién nhanh hay
cham duoc quyét dinh cha yéu boi phan
khong duoc gia cd. Toc do cb két phu thuoc

vao hé sb cb két C, . Gia tri cua c, cang lon
thi toc d¢ cb két cang tang. Trong khi dé, C,
s& ting khi moé-dun bién dang ting lén
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(c, =kE/y,). Nhu di néi & trén, phan dugc
gia c6 c6 mo-dun bién dang 16n hon rat nhiéu
so v&i phan khong dugc gia cd. Cho nén, téc
d6 ¢ két ciia n6 s& 16n hon nhiéu so véi phan
khong dugc gia cd. Didu nay cd thé thay rd tir
Hinh 8 dn Hinh 11, ghi nhan lai trang thai
cua ap luc nude 16 rdng thang du & cudi giai
doan ¢ két. Theo d6, 4p luc nuéc 15 rdng
thing du trong phan duoc gia ¢d gan nhu da
tiéu tan hoan toan, trong khi d6 & phan khdng

100

h
(=

Ap e nuée 16 rong thiing du (kPa)

OLEHM 1EHM 2EHM

dugc gia cd, thi qua trinh d6 van chua két
thac. Qua d6 cho thay, toc d6 cb két trong nén
duoc gia c6 & day duoc ddy manh 1a do su gia
tang vé hé sb cb két C,, mac du hé sb tham
cua tru hdu nhu xap xi hoic tham chi bé hon
nhiéu 1an so véi cua dat yéu. Két qua nay
cling trung khop véi két qua cua Chai (Chai
va cong su, 2015). Tom lai, trong bai toan
nay, chiéu day cua phan khong duoc gia cb
cang nho thi toc do cd két cang nhanh.

Truomg hop 1
—— Diém A
—s—Piém B
—s— Piém C

——PiémD

JEHM 4.EH SEHN GEHNW

Thin gian (ngay)

Hinh 4. Sy tiéu tan &p luc nudc 16 rong thing du trong truong hop 1

130
120
110
100
90
80

Ap lye nude 16 rong thiing du (kPa)

DE+H0  1.EHM I1E+HG

Trwing hop 2
——Pitm A

—s—Diém B

—&— Diém C

——DiémD

JEHN 4EH0 SEHM O0.EHN

Thén gian (ngay)

Hinh 5. Sy tiéu tan &p luc nudéc 16 rong thang du trong truong hop 2
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Truwomg hop 3
——Piém A
—s—Piém B
—&—Piégm C

——DiémD

Ap e nurde 16 rdng thiing dur (kPa)

T I
1 |
I t
I I
| b
1 |
L L
I |
I I
0LE+H 1E+Hs 2EHM 3E+06 4EHM SE+H6 6.E+HG
Théi gian (ngay)

Hinh 6. Sy tiéu tan &p luc nudc 16 rong thing du trong truong hop 3

5'0 I I 1 '[" ) I] N 4 I
= A4S '+ : ' “'E"gf"] :
i I I - I
= ! ! ——Piém A !
= I I ; I
= 35 i : —a—Piém B :
g I I . I
= 30 ,’ : —+— Diém C :
= ' ' I
s I I I
= | | I
o [ I [

I I I
I I 1
I I I
] I I
I I I
L | |
I I I

Ap e nurdre |

QOE+HD Z0EHDS 4.0EHS 60EHDS S0EHS 1OEHM 1.IEHG
Thid gian (ngay)

Hinh 7. Sy tiéu tan &p luc nudc 16 rong thang du trong truong hop 4

-1.000

Hinh 8. Trang thai &p luc nudc 16 rdng thiang du & cudi giai doan ¢ két trong truong hop 1
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Tavm?]

0.050
0.050
0.150
0.250
—0.350
—0.450
(—0.550

—-0.650

0.750
-0.850
-0.950

Hinh 9. Trang théi &p luc nuéc 15 rdng thing du ¢ cudi giai doan cb két trong trudng hop 2

[yjm?]

0.050
-0.050
-0.150
-0.250
—-0.350
—1-0.450
—1-0.550

—-0.650

-0.750
-0.850
-0.850

Hinh 10. Trang thai &p luc nudce 16 rong thang du ¢ cudi giai doan cb két trong trudong hop 3

Hinh 11. Trang thai &p luc nudce 16 rong thang du ¢ cudi giai doan cb két trong trudng hop 4
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3. Két ludn

Bai bdo nay trinh bay cac mé phong vé
ng xu c¢6 két cua nén dit yéu duoc gia cd
bang tru dit-xi ming. Qua cac phan tich, cac
két luan duoc rut ra nhu sau:

1. V& d6 lun ¢ két so cip on dinh, tru
dat-xi mang lam ting cudng do cung qua d6
lam giam do 1an ¢ két so cap cua nén. Trong
d6, d6 1n caa phan khéng duoc gia ¢b 1a ch
yéu vi md-dun bién dang cua phan khéng
dugc gia ¢ nhoé hon rat nhiéu so vai phan
duoc gia cb.

2. Vé toe dd cd két cua nén, hé sb cb két
cua phan dugc gia c¢b ting 1én rat nhiéu do
md-dun bién dang caa phan duogc gia cb dugc
tang cudng boi tru dat-xi mang. Do d6, téc do

tiéu tan &p luc nudc 16 rdng thang du cua phan
duogc gia ¢b nhanh hon nhiéu so vé&i phan
khong duoc gia ¢b. Dan dén tc do cb két cua
ca nén dat yéu dugc quyét dinh chu yéu boi
phan khong dwoc gia cb. Su gia ting cua tbc
d6 cb két o day la do su gia tang vé hé s6 ¢
két c,, mac du h¢ sb thim cua tru hau nhu
Xap xi hodc tham chi 13 bé hon nhiéu lan so
vé6i hé sb tham cuaa dat yéu.

3. Mot trong nhitng cach cé thé dat duoc
diéu d6 1a diéu chinh hai théng sé: ty s6 gia cb
dién tich asva ty sé gia cd chiéu sau bs. Khi
tang mot trong hai thong s6 nay s& lam ting
d6 cung caa nén hdn hop va qua d6 1am ting
hé sb cb két cia nénm
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