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Tém tat. X Iy nén dat yéu ludn 1a chu dé rat khé khan khi thiét ké va thi cong céc cong trinh giao thong
di qua cac khu vuc c6 16p dat yéu va chiéu day lon. Gan day c6 mot so noi trén thé gidi s dung phuong
phap gia cd nen bang cach sir dung ddng thoi bac tham va tru xi mang dat nham giam do 1an va tang toc do
¢b két trong nén. Mic dau vu diém cua phuong phap nay dé cap nhiéu trong cac nghién ctru trudce day, tuy
nhién phuong phap tinh toan cho phwong phap nay dé sir dung trong thuc té chua dugc nhiéu su quan tam
trong linh vuc dia k¥ thuat. Bai bao nay trinh bay mot mé hinh bién dang phang st dung d¢é mé phong sb
cho cong trinh duong trén nén dét yéu gia ¢ dﬁ)ng thoi bang bac thim va tru xi mang dat, trong d6 hé sb
thAm cla d4t nén va cac thong sd tru xi mang dat (nhu d9 cumg, bé rong) duoc chuyén doi tir truong hop
thuc té sang mo hinh tuong duong trong bai toan bién dang phang Cac cong thire chuyen d01 trong mo
hinh phing dua vao cac nghién ciru trude day ddi v6i nén chi gia co béc tham hodc chi gia ¢b tru xi ming
dat. Tuy nhién su két hop nay tao ra mot phuong phap mdi dé c6 thé su dung trong bai toan bién dang
phang dé du béo ung Xu cua nén duong dugc gia c¢b bang cach két hop bac tham va tru xi ming dat. Val
tro clia bac tham trong nén hdn hop ciing duoc khao sat va phén tich qua tmg xur chuyén vi ngang cua nén
dat. Két qua phan tich cho thay do Iin thu dugc tir mé hinh phang phu hop vé6i két quad quan trac hién truong.
Bac thim dugc st dung trong phuong phap két hop co thé lam giam dang ké chuyen vi ngang ctia nén dét
yéu. Qua nghién ctru nay, tac gia kién nghi sir dung phuong phap xu ly nén dat yeu bang phuong phap két
hop trong diéu kién Viét Nam, dic biét nhitng cong trinh dap cao trén dat yéu co chiéu day 16n nhu duong
dan déu cau.

Tir khéa. Bic thim, tru xi mang dét, nén dat yéu, Ian, chuyén vi ngang.

1 GIOI THIEU

Luan du kéo dai theo thoi gian 13 hién tugng kha phd bién xdy ra & cic cong trinh giao thong trén nén dét
yéu & Viét Nam ciing nhu trén thé gidi. Lan du theo thoi gian 13 yéu té chinh c6 thé lam mét 6n dinh cong
trinh va anh huéng truc tiép va dang ké dén chat lugng khai thac cong trinh, qua d6 lam tang chi phi bao
dudng. Trong ky thuat xur ly dat yéu, tru xi mang dat (tru XMD) va béac thim (PVD) 1a hai giai phap pho
bién nhét hién nay. Tru XMPD dugc st dung gia c¢b nén dit nhim giam d¢ lun va tang strc chiu tai cua nén
dat, trong khi d6 bac tham két hop voi gia tai trude duoc sir dung dé ting tde do cb két trong nén [1-3].
Béc thAm 1a mot loai vat liéu thoat nudc théng dang duoc ché tao sin, cau tao boi 16i bén trong béng nhua
déo va dugc boc bén ngoai bai 16p vai tong hop. Li bén trong c6 chirc ning nhu rdnh dan nudc cho PVD,
16p vai tong hop bén ngoai ¢ chirc ning bao vé 15i bén trong tranh s xAm nhap tir 16p dat xung quanh [4-
5]. Thong thudng bac tham dugc cim xudng dat bang mot ng dan hudng bang thép. Dudi tai trong bén
ngoai s€ tao ra sy chénh 1éch gradient thuy lyc, do d6 nudce trong 16 rOng ctia dat nén c6 thé tham ngang va
huéng vao trong béc thim, sau d6 luong nudge thu tir dat nen xung quanh s& dugc thoat ra ngoai theo phuong
thing dung, doc theo chiéu dai cua bac thim. C6 thé thay rang béc thAm dugc gia c¢b trong nén dong vai tro
nhu bién thoat nude nhan tao trong nén va vi thé giam chiéu dai duong thim clia nuge 16 rdng, tir d6 tc do
b két trong nén dat yéu s& dugc tang 1én. Hau hét cac cong trinh xir Iy dét yéu déu sir dung cong nghé béc
thAm nham ting toc doc cb két trong nén. Uu diém cua cong nghé PVD la thoi gian thi cong nhanh, thi
cong dé dang. Khi d6 d¢ lin trong nén dat yéu hau nhu xdy ra trong giai doan thi cong. Tuy nhién nén dat
yéu gla co bac thim khong thé ting sirc chiu tai ctia dit nén va sy 6n dinh mai déc cho nén dap nhu cac giai
phap gia cb khac nhu try da, tru voi hay tru XMPD. Dic biét khi cic cong trinh duong c6 chidu cao dip 16n
(vi du nhu duong dan dau céu), vén dé lién quan dén 6n dinh nén dip ludn dwoc quan tim va doi hoi phai
c6 giai phap an toan nhat.
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Trong ky thuét gia c¢b nén dat yéu, truy XMD duoc sir dung nham giam dé lun tong cua nen duong va tang
do 6n dinh mai déc. Tru XMD duoc hinh thanh boi hdn hop dat nguyén trang noi gia c¢b va xi mang dugc
phun xudng nén dat béi thiét bi khoan phun. Tru XMBD c¢6 thé dugc tao ra boi phuong phap tron kho va tron
udt (sir dung vira xi mang). Tru XMD dugce st dung nham giam d6 1un tong cua nén dit, ting stre chiu tai
va On dinh cua nén dét yéu [6]. Tru XMD thuong dugc lya chon dé st dung vi ¢ tinh kinh té cao, giam
thiéu 6 nhiém moi truong, c6 kha nang st dung vat li¢u tai chd (dét tu nhién hién trang). Tuy nhién try
XMB khong c6 chirc ning ting toc do cd két trong nén vi hé sé tham ciia try XMP rat nhé so véi dat. Do
d6, khi chiéu day 16p dat yéu 16n, viéc str dung tru xi ming dat s& gip nhitng van dé nhu phai ting chiéu
dai try, giam khoang cach try. Khi d6 viéc st dung phuong phap nay s€ tang chi phi trong xay dung [7]

Nhin chung, mic dau giai phap xir Iy nén dat yéu bang tru XMD va bac thim da dugc s dung rat pho blen
hién nay, tuy nhién ching c6 nhimg nhugc diém khi str dung, d6 la béc tharn khong thé ting 6n dinh nén
dap va try Xi mang dat khong thé tang nhanh qua trinh lun ¢ két trong nén.

Gan day, mot s6 noi trén thé gioi (dic biét & Trung Quéc) da két hop hai phuong phap nay nham ting toc
d6 cb két va dong thoi lam giam d¢ lin cua dat nén, qua d6 giam yéu t6 lan du kéo dai cuia céc cong trinh
giao thdng. Xu et al. [8] d& xuit phuong phap xtr Iy nén dat yéu bang cach sur dung két hop ddng thoi tru
XMBD va bic thim. Trong giai phap két hop nay, bic thdm s& duoc cam xuong trude khi thi Cong tru XMD.

Tru XMD dong vai tro dé tang strc chiu tai va giam d6 lun cua nén dét yéu, trong khi d6 vai tro cua bac
thim 12 ting tc do cd két trong nén. Hinh 1 minh hoa mat cit ngang cua nén duong khi dugc gia cb dong
thoi tru XMD va béc thAm, hai loai vat lidu gia ) nay co thé bé tri theo so dd hinh vuong hodc tam giac.

Nén dudng L&p dém cat
‘\
Bac tham Tru xi mang dat
> e
L&p dat yéu

Hinh 1: Minh hoa mit cit ngang nén dit yéu gia cb tru xi ming dit va bac tham

Phan tich va du bao 1an ¢ két ciia nén dét yéu dudi cong trinh ludn 13 van dé thach thuc 16n dbi véi ki su
thiét ké trong nganh dia ky thuét xay dung [1-2, 9]. Mic dau ly thuyét tinh toan cho giai phap béac tham va
tru xi mang dat dugc dé cap rat nhiéu trong cac nghién ctru trude day [1-5, 10- 11] ly thuyét tinh toan va
phan tich lun c¢6 két cho giai phap gia c0 nén bang phuong phap két hop giira bac tham va try XMD van
chua dugc chi y nhiéu. Dbi vai ly thuyet tinh toan va phan tich ing xu lin cua nén dat yéu gia ¢ bang
phwong phap két hop try XMD va bac tham c6 mot sd dé xuét sir dung phuong phap 1oi giai giai tich [12-
14] dé tinh toan do c6 két trung binh cua nén dit. Nhin chung cdc 101 giai giai tich chi pht hop dé tinh todn
tng xur lan ¢b két mot chidu va co6 thé hop 1y dé xét mot khoi try tron (md hinh dbi ximg truc) tai tim nén
duong. Trong khi thyc té chuyén vi ngang ciing nhu 6n dinh nén dép ciing can phai du bao nham kiém soat
tinh an toan trong khi thi cdng va khai thac. Thuc té khi d4t nén bén dudi bao gdm qué nhiéu I6p dat co
chiéu day thay doi phire tap (nén khong dong nhat) hodc qua trinh thi cong dién ra theo thoi gian thi ap
dung 161 giai giai tich tré nén kho khan cho ky su thiét ké. Khi ¢6 mo hinh s6 voi wu diém c6 thé xem xeét
cac yeu t6 phuec tap trong diéu kién cong trinh s& dugc dé ngh1 sur dung trong thiét ke Vé nguyén tic, md
hinh s6 ba chiéu (3-D) phai duoc xay dung dé c6 thé danh gia cac didu kién thuc té, tuy nhién mé hinh 3-
D s& tén nhiéu thoi gian trong tinh toan, md phong [10, 15]. Do d6 md hinh bién dang phang (md hinh hai
chiéu, 2-D) s& dugc uu tién dé sir dung.

Dbi voi bai toan 2-D, cac nghién ciru trude day [10, 15-17] da dé xuit mot sé md hinh sé dé phén tich c¢b
két cho nén dat yéu gia cb bac thém Cac md hinh 2-D hay sir dung nhét 1a 'md hinh 2-D v6i hé s6 thdm
ngang tuong duong [10, 16] va hé s6 tham dung tuong dwong [17]. Trong sé d6, phuong phap mo phong
theo hé s thdm twong duong theo phuong dung thuong duoc st dung hon vi tinh don gian va c6 thé rat
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ngan thoi gian md phong trong st dung thuc té. Tuy nhién phuong phéap nay chua dugc ap dung cho bai
toan gia cd nén bang giai phap két hop gitta try xi méang dat va bac tham.

Muc tiéu chinh ctia bai bao nay la thiét 1ap mot moé hinh s 2-D tuwong duong dé phan tich lGn ¢b két cho
nén dét yéu duogc gia cb bang giai phap tru xi mang dat va bic thAm. M6 hinh dé xuit s& dira vao mé hinh
hé s6 tham tuong duong theo phuong dimg ctia Chai et al. [17] trong do6 x¢t to1 d6 cing cua try XMD trong
nén hén hop. Pé tim thdy wu diém cua giai phap gia cd nén nay, mot s6 yéu té nhu su 6n dinh ciia nén
duong, chuyén vi ngang s& dugc khao sat va so sanh trong truong hop c6 va khong c¢6 st dung bac tham.

2 THIET LAP MO HINH SO TUONG PUONG

2.1 H¢ s6 thim twong dwong theo phwong ding
Doi v6i nén dét yéu dugc gia ¢b bang bic tham, Chai et al. [17] da xdy dung mo hinh s 2-D, trong d6 hé
s0 tham theo phuong diing dugc xac dinh dya vao phuong trinh nhu sau:

K, :(1+—2'5H22k“]kV (1)

HDK,

trong d0, kn, kv 1a 1an luot 1a hé s6 thim theo phuong ngang va phuong dimg cua nén dét, H 1a chiéu day
ctia 16p dat yéu dugc gia cd bac tham. D, Ia duong kinh cta khdi try tron ctia bai toan mé hinh déi ximg
truc [1]. Hé ) U ké dén anh hudng khoang cach cia bac thAm, sy x40 tron trong qua trinh cim bAc thim,
hé sb nay duoc tinh toan theo phuong trinh nhu sau:

ﬂ=|n(2j+%|n(8)—0.75+ﬂ'

o day, n=d_/d,, v6i re va ry 1an luot 1a dudng kinh ciia ving d4t anh huong va duong kinh quy di ciia
bac tham. qw 12 kha ning thoat nudc theo phuong ding ctia bac tham. ks 14 hé s6 tham cua ving dat bi x4o
tron do qué trinh cam bac tham va s=d_ /d,, trong d6 ds 1a dudng kinh twong duong ciia viing x4o trén

2
2H “k,, D)

w

ctia bic thim.

Trong giai phap gia ¢ nén bang tru XMBD, vai tro try XMD hau nhu chi ting sirc chiu tai va sy 6n dinh cua
nén (d ctg cta nén ting 1én do su ton tai cta try xi mang dét), do do trong nghién ctru nay hé s6 thim
cua tru XMbP duoc gia su bang hé sb thdm cua dt tu nhién (Kn). Thuc té hé s6 thim tru xi mang d4t khac
va nho hon so véi dat nén tu nhién. Tuy nhién néu xét mot unit cell cho hé théng tru xi ming dat, bac thAm
va dat ty nhién (vi du nhu phuong phép tinh cta Lu et al. [13]) thi dién tich phan tru xi ming dat rit nho
(vi khoang céch tru kha 16n dbi véi phuong phap xtr 1y dat yéu nay). Do d6 sy anh hudng cta hé s6 thim
tru xi ming dat dén qua trinh ¢ két hau nhu khong dang ké [13]. Vi Iy do nay, nhom tac gia di gia sir hé
sO tham try xi mang dat nhu dat nén xung quanh nham don gian qua trinh mé phong. Do d6 trong mé hinh
2-D tuwong duong cua nén dat yéu gia ¢b tru XMD va bac thim, hé sb tham theo phuong dtng twong duong
s€ dugc ap dung véi Phuong trinh 1 (PT 1).

2.2 Kich thwéc va dd cirng ciia tru XMP trong mé hinh phing

Trong nghién ctru nay, bé rong tuong duong cua try XMD trong mé hinh bién dang phing (nhu Hinh 2)
thu dugc bang cach can bang tir ty s6 dién tich gitra hai md hinh bién dang phing va mé hinh dbi xung tryc.
Nguyen et al. [10] ciing sir dung diéu kién chuyén d6i nay ddi véi bé rong twong duong ctia bic tham trong
mb hinh phing, va cho két qua phii hop véi hién truong. Bé rong twong duong ctia tru xi ming dat mé hinh
phing duoc cho bai phuong trinh sau:

a_cde
dsc = C ? (3)
¢ day d*va S* lan luot 1a duong kinh va khoang cach ciia try XMB trong mé hinh déi xtmg truc (hay
1a trong truong hop 3-D); C 1a hé s6 xét tdi so d6 bd tri ciia tru XMP, & ddy C = /4 khi gia cd tru
XMBD theo dang hinh vuéng va C = 7/ 2\/§ khi gia c6 theo dang hinh tam giac.
Deng [4] d& xuat d6 climg twong duong cua try XMP trong mé hinh bién dang phéng nhu sau:
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zd? zd¥

Es?:I :Esoil I-——= I+ B — (4)
4 8*

& day, E2 va EZ lan luot 1a mé dun dan hoi ctia hdn hop xi ming dat trong mo hinh phang va trong mo

1a md dun dan hoi cua dét.

hinh d6i xtmg truc. E_,

Twdng xi méng déat trong md hinh phéng

Hinh 2: M6 hinh bién dang phiang cho nén dit yéu gia cb try xi mang dét va bac thim

2.3 Panh gia kha ning ap dung md hinh phing cho bai toan thuc té

Dé danh gia kha nang ap dung mod hinh phang, trong phan nay nhom tac gia tién hanh phan tich lin 6 két
cua mot truong hop nén duong duoc gia co dong thoi try xi ming dat va bac tham.  Truong hop nghién ctru
1a cong trinh duong dap & Huai-yan, Trung Qudc. Pic diém dia chét cua cac 16p dat dudi cong trinh duong
nhu sau: 16p sét mat (L6p 1) ¢6 chiéu day 2 m, bén dudi 1a 16p dat yéu (L6p 2) c6 chiéu day 11 m va tlep
theo 1a 16p dét sét cimg (Lop 3). Muc nudc ngdm nam dudi mat dat ty nhién 1.5 m. Coéng trinh duong dap
cao 4 m véi cat dam chat co trong luong riéng 1a 20 KN/m?3. it dip duoc chia lam hai giai doan dap: 2 m
trong gia doan 1 dugc dap trong 50 ngay, sau d6 danh 75 ngay la thoi gian cho c¢b két; 2 m con lai ¢ giai
doan 2 dap trong 50 ngay. Mit cit ngang cong trinh dudng dip dugc thé hién nhu Hinh 3, trong dé céac kich
thudc va so liéu dua trén nghién ctru cua Ye et al. [12].

46 m

|
30m \

Vg =20 kKN/M®
Cat ddp | 4m
2 m|L&p sét bé mat 3
) 13m
11 m Sétyéu

Sét clrng Bic tham Tru XMD

Hinh 3: Mt cit ngang nén dudng gia cb tru XMPD va béac thim & cong trinh Huai-yan

Dé giam d0 lun va tang tinh 6n dinh cong trinh dudng trén 16p dat yéu, tru xi miang dat c6 duong kinh 0.5
m, chi€u dai 13 m dugc st dung dé gia co. Trudc khi thi cong tru xi mang dat, bac tham co6 chi€u dai 13 m
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dugc cim vao nén nham ting toc do cb két ciing nhu cai thién kha niang st dung tot hon cho try xi ming
dat [18]. Béc thim va tru XMPD déu duge b tri dang hinh tam giac voi khoang cach 2.2 m. Cac thong sO
dé tinh hé s6 thim tuong duong theo phuong dimg cua nén trong bai toan phang ciia nén dudng duoc thé
hién nhu Bang 1. Chu y rang, cac gia tri cho & ddy duoc 14y tir Ye et al. [12].

Bang 1: Cac thong sb lién quan dén (mg xir cia bic thim trong tinh toan c6 két

Thoéng s6 Gia tri
dw (m) 0.05
ds (m) 0.1
H (m) 13
Kn/Ks 4
qw (M*/nam) 120

Trong nghién ctru ndy, mo hinh s bién dang phing duogc thuc hién trong phan mém Plaxis 2D Connect
Edition V17 [19]. M6 hinh Modified Cam Clay (MCC) dugc str dung dé mé phong tmg xir cac 16p dat sét
va sét yéu va md hinh Mohr - Coulomb (MC) duoc sir dung md phong tmg xir 16p cat dip va try xi ming
dét. Cac thong s dau vao ciia mé hinh duge cho tir Bang 2. Céc s6 lidu duge tham khéo tir Chen et al. [18]
va Ye et al. [12]. Chiéu rong twong dwong ctia try XMP dugc tinh quy doi tir PT (3) 12 0.2 m. Y nghia cac
thong sb trong Bang 2 nhur sau: €o 1a hé s6 rong ban dau cua dt; E 1a mo dun dan hoi cho mé hinh MC; v
14 hé s6 Poisson; Ci 1a hé sb xét dén su giam h¢ sb rSng cua dat trong subt qué trinh cb két, duoc léy bﬁng
0.5€0 [20]; A va « 1a chi s6 nén va chi s6 né theo mé hinh MCC; M 1a do déc dudng trang thai téi han cta
m6 hinh MCC; ki, Ky, v 1an Iugt 1a hé s tham theo phuong ngang, phuong dimg va hé sé thdm tuong
duong dugce tinh theo PT (1).

Bang 2: Cac thong sé dau vao cua vat liéu cho mé hinh phang trong phén tich sb

n ~ A Kn= kv Kve
Thong | Mo | Chieu | E v | a| 2 © | M | (0% | (x10°

o) hinh | day (MPa) miday) | miday)
Lépl |[MCC| 2 | 06 - |025/03] 008|002 |112] 52 | 5896
Lép2 |MCC| 11 |1.25| - |025|06| 02 | 004 | 1 | 038 | 523
Lép3 | MCC| 10 1 - 102505 [0.024|0006| 1 | 0.38 -
Cat dap | MC 4 - 30 | 02| - - - - | 1000 -
XMP MC - - 80 | 02| - - - - | 038 -

Trong md hinh bién dang phang, phuong phép phan tur hiru han duoc sir dung voi phan tir tam giac 15 nut.
Diéu kién bién cia mo hinh nhu sau: vi tinh d6i xtng nén mét nira nén dudng duoc mo phong, bién thoat
nude duoc gan & bién trén va dudi ciia md hinh trong khi hai bén ctia mo hinh 1a bién khong tham nudc.
Chuyén vi ding va ngang bang 0 tai bién dudi cia mé hinh, bién trén duoc chuyén vi tu do. Chuyén vi
ngang tai bién hai bén bi khdng ché. Hinh 4 thé hién dic diém mo hinh phang d6i v6i phan tich phan tir hitu
han cho nén dudng gia ¢d tru XMD va bac thim.

15m

e Bién thoat nwéc, chuyén vi tw do
< gl il %
<P ]
. \ 17\ 5
(o] o
2o N o
35 VAVA NN 2
o
F 3 [ 2
g5 ol 2
U)Kg o 4 / @ g)Mg
5 %’ A © 35
L C
& @ ; / D D
@@ A — — KKK — ——c —X » oo

120m

Bién thoat nwéc, bién chuyén vi u, = u, =0

Hinh 4: Pic diém mo hinh phéng tuong dwong cho nén gia ¢ bic thdm va try XMD
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Céc giai doan tinh toan va mo phong trong Plaxis 1an nhu sau: (1) tinh toan trang thai dat nén ban dau; (2)
mo phong phan tir tru xi mang dat; (3) dap tai 1an mot v6i chidu cao dap 2 m trong 50 ngay; (4) tinh toan
b két voi 75 ngay; (5) dap tai 1an hai v6i chiéu cao ddp 2 m con lai ciing trong 50 ngay; (6) tinh toén c6
két cho nén.

Hinh 5 thé hién két qua tinh toan Iin tai tam nén duong thu dugc tr mo hinh bién dang phéng. Két qua
duoc so sanh voi két qua ‘quan trac 1an tai hién truong [12] va két qua lan thu duoc tir mé hinh ddi xung
truc [14]. Ket qué cho thay d6 lun thu dugc tir mo hinh phéng trong nghién ctru hién tai pht hop véi ket
qua quan trac hién truong. Trong khi ¢6 mo hinh ddi ximg truc cho két qua ltn 16n hon két qua quan tric
va tde d6 ¢ két nhanh hon so véi két qua thu dugc ttr mé hinh hién tai. Diéu nay dugc giai thich nhu sau:
trong mo6 hinh ddi xung truc, mac dau kich thuée va do cing cua tru XMD dugc moé phong theo thuc té,
tuy nhién bic tham dugc mé phong nhur bién thoat nudc (sir dung phan tir drain-element trong Plaxis). Khi
d6 cac yéu té nhu do can tham, sy x4o tron bi bo qua. Do d6 toc d6 cb két trong mo hinh db6i xtg truc 16n
hon so v&i mo hinh bién dang phang Do do c6 the thay rang, md hinh bién dang phang trong nghién ctru
nay c6 thé ap dung trong thyc té tinh toan cho nén gia ¢ tru XMD va bac tham va cho két qua hop 1y.

Thoi gian (ngay)
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Hinh 5: Két qua lan & mat dat tinh toan tai tim nén dudng

3 ANH HUONG CUA BAC THAM PEN UNG XU CHUYEN VINGANG CUA NEN
PUONG

Trong phan nay, nhém nghién cau tién hanh danh gia anh huong cua bac thim trong nén duong duoc gia
cb bang phuong phap két hop tru XMD va bac tham. Bé thay duoc anh hudng cua bac tham, mé hinh bién
dang phang trong nghién ctru nay dugc sir dung md phéng nén duong cho hai truong hop c¢d va khong co
su dung bac thim. Két qua chuyén vi ngang tai chan nén duong trong hai trudng hop ¢ va khéng co sir
dung bac thAm dugc so sanh.

Chuyén vi ngang cia dat nén thuong duoc quan tric bang thiét bi do chuyén vi ngang (inclinometer) tai
chan mai duong dap. Tuy nhién s liéu do chuyén vi ngang cta dat nén & cong trinh duong dép ¢ Huai-yan
khong dugc dé cap trong nghién ctu cua Ye et al. [12] va cling nhu cac nghién ctru trude day. Diéu nay co
thé xay ra vi cac thiét bi do c6 thé hu hong trong qué trinh xay dung. Do vay chi c6 két qua phan tich )
dugc trinh bay trong truong hop khdo sat dnh huong cua bac thim dén chuyén vi ngang ciia nén. Hinh 6
trinh bay két qua so cho chuyén vi ngang ctia nén dudng trong hai truong hop ¢6 (truong hop sir dung
phuong phap két hop) va khong c6 st dung bac thim (truong hop chi sir dung tru XMP) tai thoi diém hoan
thanh cong trinh khi chiéu cao dap dat 4 m (tai thoi diém 175 ngay).
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Nhin chung, chuyén vi ngang trong truong hop nay xay ra lon ¢ khu vyc chan cua try xi méng dat. Két qua
nay c6 thé duoc giai thich rang khi két thiic giai doan thi cong (vi du 175 ngay), ap luc lyc nudc 16 rong
chua kip tiéu tan. Diéu ndy dan dén su phat trién cudong do cia dat cham hon so véi pham vi phia trén c6
gia c6 hoan toan bang try xi miang dat. Ngoai ra, trong pham vi nén c6 gia ¢ hoan toan tru xi mang dat (vi
du tir mat dat dén 13m), bién dang cat xay ra nho do sy hién dién caa hé thong tru xi mang dat. Bién dang
nay c6 xu huéng ting dan dén chan tru. Két qua nay hoan toan phd hop véi nghién ctu trude diy cua Ye
etal. [21].

Két qua con cho thay rang tai do sau bat ky, Chuyen Vi ngang trong truong hop khdng co bac tham I6n hon
nhleu S0 Véi truong hop sir dung bac tham. Két qua nay rat phu hop voi mot so nghién ciru trude day dbi
VGi nén duong duoc xir ly gia ¢b try XMD [21-22]. Két qua co thé giai thich bang su phat trién cuong do
ctia hai nén dat c6 va khong cé bac thim. Trong truong hop nén gia ¢ bac tham, qua trinh ¢6 két xay ra
nhanh hon, do d6 sy phat trién cuong d6 trong nén sé& lam giam bién dang cit dudi tai trong cong trinh. Qua
d6 s& lam giam chuyén vi ngang. Ngoai ra khi ¢ bac tham, sy phét trién tng suat c6 hiéu trong nén sé& lén
hon so véi trudng hop khdng c6 bic thim. Diéu nay s& 1am ting kha ning truyén luc tir dat sang try XMD
(hién tuong hiéu tng vom). Py ciing 1a nguyén nhan c6 thé lam giam chuyén vi ngang trong nén cé bac
tham.

Chuyén vi ngang (m)

0 0.05 0.1 0.15 0.2
0 A A ..-h. A

0
_ 2 Chan tru XMD
g/ <
=
S 15
=
Q

20 1

25 1 - = = Trudng hop c6 két hop bac tham

—— Truong hop khong c6 két hop bac thim
30

Hinh 6: Chuyén vi ngang ctia nén dudng

4 KET LUAN

Nghién ciru ndy dé xuat mot mo hinh bién dang phing dé phan tich g xir ctia nén dat yéu dudi cong trinh
duong dugc gia co bang phuong phéap két hgp bac tham va tru xi mang dat. Dua vao két qua phén tich so
cua d6 ltn va chuyén vi ngang thu dugc tir mé hinh d€ xuat, két qua duoc so sanh vdi cac so li€u quan trac
va két qua tir mo hinh doi xtng truc ctia tac gia, tir d6 c¢o6 thé rut ra nhirng ket luan chinh nhu sau:
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— St dung md hinh bién dang phéng trong nghién ctru nay cho két qua phu hop véi sd liéu quan tric
0 hién treong. M6 hinh trong nghién ctru ¢6 kha néang timg dung t6t trong thyc té khi tién hanh thiét
ké cong trinh xir Iy dat yeu trong truong hop nén gia cb dong thoi try xi mang dat va bac tham

—  Su dung phuong phép gia c6 nén bang cach két hop bac tham va try Xi mang dat co thé tang toc do
co két trong nén dong thoi giam dang ké chuyén vi ngang cua nén dat yéu. Diéu nay lam ting tinh
6n dinh cua cong trinh trong qua trinh thi cong ciing nhu khai thac.

~  Két qua nghién cru ndy cho théy nhiing loi ich khi sir dung phuong phap gia cb nén bang cach két
hop bac tham va try xi ming dat. Do d6 kién nghi sir dung phuong phap nay trong linh vuc xu ly
nén dat yéu trong diéu kién Viét Nam, dic biét nhitng cong trinh dép cao trén dia chat dat yéu va
¢6 chiéu day 16n nhu duong dan dau cau.

5 LOICAM ON
Nghién ctru nay dugc tai trg boi Truong dai hoc Cong Nghiép Tp. HCM trong Dé tai ¢6 ma s6 21.2XDO1.
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NUMERICAL ANALYSIS OF EMBANKMENT BEHAVIOR ON SOFT GROUND
IMPROVED BY PVD AND SOIL-CEMENT COLUMNS

NGUYEN BA-PHU", NGUYEN THI PHUONG LINH, TRAN VIET PHUONG DONG,

NGUYEN THI HAI YEN
Faculty of Civil Engineering, Industrial University of Ho Chi Minh City
*Corresphonding author: nguyenbaphu@iuh.edu.vn

Abstract. Soft soil improvement is always a very challenging problem in the design and building for
infrastructure construction on soft and thick clay deposits. Recently, there are a number of embankment
constructions around the world using the improvement method by combination of prefabricated vertical
drains and soil cement columns to reduce settlement and speed up consolidation rate in the soft soils.
Although the advantages of this method have been mentioned in the previous studies, the analysis method
of this method for applying in the practice has not received much attention in the geotechnical engineering
field. This paper presents an equivalent plane strain model in numerical analysis of embankment on soft
ground reinforced simultaneously by prefabricated vertical drains and soil cement columns, in which the
permeability coefficient of the ground soil and other parameters of soil cement columns (i.e., stiffness,
width in plane strain model) are converted from the in-situ condition into the equivalent 2-D model. The
conversion formulas in the current model are based on the previous studies for the cases of soft soil
reinforced by prefabricated vertical drains only or reinforced by soil cement columns only. However, this
combination creates a new solution that can be used in the equivalent plane strain model to predict the
behavior of the soft ground improved by combining the prefabricated vertical drains and soil cement
columns. The role of the prefabricated vertical drains in the composite foundation is also investigated and
analyzed through the horizontal displacement behavior of the subsoil. The analysis results show that the
settlement obtained from the presented model is in good agreement with the field data. The prefabricated
vertical drains used in the combined method can significantly reduce the lateral displacement of soft ground.
By this study, the combined method is recommended to apply in Vietnam, especially for the embankment
construction on soft thick clay deposits.

Keywords. Prefabricated vertical drain, soil cement column, soft soil, settlement, lateral displacement.
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