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Tém tit

Trong bai bao nay, cdc tic gi da tién hanh thit nghiém phuong 4n gia cudng nén dit yéu c6 cét san lap bing
dém coc xi ming - dit c6 chiéu dai ngan, 4p dung cho nha & thip ting. Cic coc xi ming - dit sé tao thanh mot
cai dém dudi day mong cho phép gidm ting suit gy lin tic dong xubng phan dit yéu bén dudi. Khi tron xi
ming PCB 40 vao dét cét san 14p véi ham lugng 300 kg/m?, cudng d6 nén don truc cho miu xi ming - dét tron
& trong phong c6 thé dat t6i 8 MPa va & hién trudng c6 thé dat dén 6 MPa. Két qua thi nghiém ban nén hién
trudng cho thiy phuong 4n gia cudng ndng bang dém coc xi ming - dit lam siic chiu tii ctia méng noéng ting
1én hon 3 1an, d¢ ldn tic thoi cda méng c6 thé gidm dén 5 1an so véi liic chua gia cb.

Tir khod: thi nghiém ban nén hién trudng; gia cd ndng; coc xi ming - dat.

SHALLOW REINFORCEMENT OF FILLING SAND LAYER ABOVE SOFT SOIL USING SOIL-CEMENT
COLUMNS METHOD

Abstract

In this paper, the authors conducted an experiment in reinforcing the filling sand layer above soft soil using the
method of short soil-cement columns. This proposed method could be used for foundation of low-rise houses.
The short soil-cement columns would produce a better layer at the bottom of the foundation which resulted a
reduction in stress increment causing settlement in the soft soil below. When PCB 40 cement was mixed in
filling sand layer with a weight content of 300 kg/m>, the uniaxial compressive strength of the soil-cement
sample could be up to 8§ MPa and 6 MPa, for sample prepared in laboratory and in situ, respectively. The
results of the static load testing showed that the foundation reinforced with the proposed method could enhance
its bearing capacity more than 3 times and reduce the immediate settlement up to 5 times, compared with
unreinforced foundation.

Keywords: static load testing; shallow mixing method; soil-cement columns.
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1. Gidi thiéu

Ving ddng bing séng Citu Long ¢6 nhu ciu xiy dung nha & thip ting (nhd hon hodc bing 04
tang) 16n. Tuy nhién, do dia chit c¢6 16p dat bé miit rat yéu va day, ¢6 thé 1én tir 15 dén 30 m [1], nén
diéu kién xay dung khé khin, tén kém. Trong trudng hop khu dan cu c6 cat san 14p, nén cong trinh
con ¢6 hién tugng lin cb két din dén cic cong trinh bi lin nhiéu, nhanh xudng cip.

*Tac gia chinh. BDja chi e-mail: sihung.nguyen @hcmute.edu.vn (Hung, N. S.)
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Dung cat san lap trén dat yéu vira c6 miit thuan 10i vira c6 miit kho khin trong cong tac xiy dung.
L6p cat s& dong vai trd nhu mot dang tai trong va mot bién thodt nude lam cho 16p dat yéu phia dudi
lin b két. Do lin cdc ving cét san 14p sau 02 niAm c6 thé dat tir vai chuc cm dén hon 100 cm tiiy vao
chiéu day san l4p. Liin c¢b két c6 thé 1am cho cong trinh ¢6 méng ndng bén trén bi lin theo hoic giy
xuét hién ma sat 4m cho cong trinh méng coc [2, 3]. Tuy nhién, néu dét nén da dudc san Iap lau ngay,
lin cb két con lai khong dang ké, thi 16p dat cat san 14p phia trén lai rat thuan Igi d€ dit dit méng
nong. Trong trudng hop tron dit cat véi xi ming sé& cho cudng do xi ming — dit cao hon so véi cac
loai dat khac chifa hat sét [4, 5].

Qua khao sit, mot sb céac gidi phdp nén méng thuong dudgc 4p dung cho nha & thip tang céc tinh
ddng bang song Citu Long bao gdm:

- Méng coc ép bé tong cbt thép thong thudng (cé kich thude tir 200 mm trd 1én) ép vao cic 16p
dét tuong ddi tét & do sau 20 dén 40 m. Phuong 4n nay thudng c6 do 6n dinh cao nhung ton kém;

- Méng coc ép dudng kinh nho, dudng kinh tir 100 dén 150 mm, c6 chiéu dai dudi 10 m. Trong
truong hop phan 16n chiéu dai coc nam trong 16p dét yéu, giai phdp nay hiéu qua thap va gi thanh
khong ré;

- Gia cudng, 1am chit dit bﬁng coc da ché, canh coc khoang 100 dén 150 mm, dai dudi 2 m thi
cong bang phucng phap x6i nudc. Hiéu qua coc nay tuong dbi tot tuy nhién gid thanh van kha dat, khi
khi cong hay bi gay coc;

- Gia cudng lam chit dit bing coc cit tram. Py 1a giai phap truyén thong, tuong dbi ré va hiéu
qua. Tuy nhién, trong trudng hdp c6 cat san 1p phan coc nam trong cat c6 thé bi kho nudc dan dén
muc coc, tudi tho ngan.

V6i muc dich tim ra mot sd phuong 4n nén méng phit hop diéu kién dia chit cat san 14p trén dit
yéu, gid thanh ré, dé thi cong, dé 4p dung cho x4y dung nha thip tang v6i ngudi dan c6 thu nhap thép,
cdc tdc gia da tién hanh cic thi nghiém thuc nghiém gia cudng noéng bang tron xi ming — dat trong
phan dit cat san 14p. C4c thi nghiém ban du cho thiy céc két qua tich cuc vé niang cao kha ning chiu
tai cia mong, d6 1an tuc thoi cia méng giam ro rét.

2. So luge vé gia cudng néng xi mang — dat

Gia cudng dit bang xi ming (in situ soil mixing) c6 thé chia ra hai loai 14 tron sau (deep mixing
method DMM) va tron nong (shallow mixing method SMM). Phuong phap tron sau dudc ap dung
phd bién nhiéu hon so véi tron ndng [6].

Phuong phép tron ndng SMM thudng duge dong nhét v6i 6n dinh toan khéi (mass stabilisation),
dét dugc tron theo ca phuong ngang 1an phuong diing, do sau tron ding thudng nhé hon 5 m. Ciing
nhu phuong phap tron sau, phuong phap tron ndng dudc chia lam hai loai tron uét va tron kho [6].

Phuong phdp tron ndng c6 thé dp dung gia cb nén dudng, dé, gia cd dat dudi méng cong trinh nha,
chdéng héa 16ng dit nén, ... vv [6, 7]. Cong trinh dudc dit trén mot dém xi ming — dat ¢ do cing 16n
ngin cach v6i nén dét yéu bén dudi (Hinh 1). Co s& clia phuong phdp gia cudng nong nén dét yéu la
lam gia ting cudng dd va mo6 dun bién dang ctia phan dat tuong ddi moéng dudi ddy mong, tir 0,5 dén
2 1an bé rong méng, tao thainh mot dém xi ming - dit. M6 dun bién dang cta 16p dém cang 16n, ting
sult gay lin tac dong dén phan dat yéu bén dudi cang nhd, tir d6 giam dd lin cia méng, cong trinh
[8, 9]. Nhu Hinh 2, ty 16 m6 dun bién dang phan dém dét dugc gia cd dusi ddy méng E1 va phan dit
tu nhién E, cang 16n, su suy gidm vé ting suét gay lin trong 16p dét yéu cang cao [8].

Rasouli va cs. [9] da lam cdc md phong bang phuong phap phan ti hitu han ding mé hinh Morh-
Coulomb cho méng nong dit trén dém dét - xi ming véi céc bé rong mong B, bé rong ving dém W,
chiéu cao ving dém H khac nhau. Ham ludng xi ming tron dét dugc thay ddi tir 2% dén 8%, cac mau
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Hinh 1. Gia cb nén bang dém xi ming — dit cho d&, cong trinh nha, dudng 6 t6 (thit tu tir trai qua phai)
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H 1a chiéu day 16p dat tot; b 12 bé rong dit tai, p 12 tai trong; z 12 do sdu; E, E, 1an lugt 1a mo dun bién dang
ctia 16p dat 1 va 2; uy, io 1an luct 1a hé s poisson ctia 16p dat 1 va 2.

Hinh 2. Su suy gidm ting suit giy lin Ao, theo (E|/E,) [8]

dat — xi ming dudgc thi nghiém xdc dinh thong s6 d€ dua vao md hinh tinh toan. Nghién ctiu cho thiy
sic chiu tai cila méng ting 1én khi ty 1& W/B, H/B ting hodc ham lugng xi ming trong dat ting. Hiéu
qua ting cudng stic chiu tai cia méng trén dém xi ming - dit cang cao khi bé rong méng cang nhd.

3. Thi nghiém gia ¢6 nong b?lng coc xi mang dat

3.1. Dia diém thi nghiém va diéu kién dia chdt

Vi tri thi nghiém 13 khu dan cu Sao Mai, phuong Binh Khanh 3, thanh ph Long Xuyén, tinh An
Giang, c6 dién tich x4p xi 50 héc ta. DAt nguyén thd khu vic niy bao gom 16p dit 1 12 bun 4 sét xen
kep cat mau xam nau day tif 4 dén 8 m, 16p dat 2 1a cat hat trung mau xam, trang thdi chit vira c6 do
day tir 8 dén 18,5 m (Hinh 3). Dén thoi diém thuc hién thi nghiém (thdng 7 nim 2018), khu dat da
dudc san nén hoan thanh bang cat day trung binh 2 m dugc hon 10 nim, ¢ thé xem lin ¢b két do san
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nén da két thic. Tai vi tri thi nghiém, muc nudc ngdm 6n dinh cdch bé mit 1,5 m. Cac chi tiéu co ly
cd ban ctia 16p dét san nén va 16p dét 1 tai vi tri thi nghiém thé hién trong Bang 1.
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Hinh 3. Hinh tru 16 khoan
Bang 1. Céc chi tiéu co 1y cda dat
L6p dat Do dm W (%) 26,2
Lép cét san 14p Dung trong tu nhién y,, (kN/m?) 17,69
Dung trong kho vy, (kN/m?) 14,01
Ty trong G, 2,672
Géc ma st trong ¢ (°) 23924/
Modul bién dang E;.» (kN/m?) 8930,5
N (SPT) 6
Lép 1: Bun 4 sét xen kep cat mau xam nau Do Am W (%) 41
Dung trong tu nhién y,, (kN/m?) 17,17
Dung trong kho y, (kN/m?) 12,18
Ty trong G 2,667
Géc ma st trong ¢ () 6°27
Luc dinh ¢ (kN/m?) 6
Modul bién dang E;.» (kN/m?) 1946,6
N (SPT) 2+3

3.2. Lua chon ham luong xi mdng tron ddt

Theo théng ké [6, 10], ty 1¢ thich hop tron xi ming véi dat cho coc xi ming — dt thay d6i theo ting
loai d4t va phu thudc vao tron khd hay wét. Luong xi ming tron vao thay ddi trong khoang 7% dén
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15% trong lugng kho ctia dét can gia ¢b hoic lugng xi ming tit 180 dén 250 kg cho 1 m? dit gia cb.
Thong thudng khi ham lugng hat sét trong dit yéu ting thi lugng xi ming yéu ciu ciing ting. Ludng
xi ming tir 180-500 kg/m> dét gia cb dbi véi phuong phép tron udt va luong xi méing tit 90-180 kg/m?
dét gia cb ddi v6i phuong phap tron kho.

Trong nghién ciu nay, xi mang PCB 40 dugc tron véi nude theo ty 1€ 1:1 thanh vita va sau do vita
xi ming sé dudc tron véi 16p dét cat san 14p trong phong thi nghiém theo hai ham ludng 12 240 kg/m*
va 300 kg/m?.

Qua két qué thi nghiém trén (Hinh 4), cuong d6 hén hop xi ming — dat & 28 ngay v6i ham luong
xi ming 300 kg/m> cao hon dang ké so v6i ham lugng xi méing 240 kg/m>. Do véy, ham lugng 300
kg/m?® dudc Iua chon dp dung & hién trudng trong nghién citu nay.
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Hinh 4. Cudng do hon hop Xi ming — dat theo thdi gian

3.3. Cdc thit nghiém phuong phdp tron nong

Trén thé gidi d€ tron ndng ngudi ta thudng dung hai kiéu Ia tron xoay (rotary blender) va kiéu tron
thung (bucket mixing). Cdc mdy tron thudng c6 trong luong 16n hang chuc tin, di kém tram tron xi
ming [6]. V6i muc dich st dung cho nha thip ting, ngudi thu nhap thap, do viy thiét bi thi cong phai
gon nhe, ré tién, dé st dung. Do viy, nhém tic gia da thi nghiém mot sd cic phuong phap sau:

a) Phuong phép rét vita truc tiép: Véi hy vong 16p cat san nén phia trén c6 hé s thim 16n sé thAm
dugc vita xi ming. Tuy nhién, khi d6 vita v6i ty 1& xi ming nuéc 1a 1:1 vao hé méng thi vita chi ngdm
xubng dét dugc khoang 5 cm;

b) Phuong phap xoi 16 trudc khi rét vita: ding ciy thép nhon déng vao dat dusi hd mong dé tao
thanh céc 16 dudng kinh 20 mm, sau d6 rét vita vao hd méng. Thuc té cho thay 16 rat dé bi tac, lugng
vita thAim thiu vao dat it, khong hidu qua;

¢) Phuong phap bom vita ap luc: ding mot pit tong duc 16 déng vao trong dit sau d6 bom vita 4p
luc cao d€ vita phun qua cic 16 duc. Tuy nhién, khi 4p dung phuong phdp nay viia c6 xu huéng trao
nguoc 1én mit dat do do sau gia cb nong (< 3 m).

Véi 3 phuong phdp khong thanh céng néu trén, nhém tic gia da dung phuong phap cai tién
nhu sau:

Dung miii khoan véi céc canh cit c6 chidu dai thich hgp d€ c6 thé tao ra dudc coc c6 céc loai
dudng kinh tlf 20 cm dén 40 cm (Hinh 5). Céc canh cit c6 16 d€ phun vita theo phucng doc canh va
phuong ngang canh. Trong qua trinh khoan dén do sau thiét ké, vita dudc phun ra véi ap luc vita phai.
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Sau d6, cin khoan dudc riit tit dudi 1én trén trong khi cac canh cit tiép tuc quay dé dat dugc tron déu
véi vita dén khi dat cao trinh diu coc mong mudn. Toc do quay ctia canh cit 1a 90 + 100 vong/ phit,
tdc do di xudng ctia can khoan 12 0,75 m/phuit, tbe do di 1én clia can khoan 12 0,75 m/phiit. Véi chiéc
mdy khoan tu ché c6 trong lugng xap xi 300 kg nay, c6 thé thi cong dudc coc dat d sau 16n nhit 6 m,
tde do thi cong 30 m coc/gio.

Hinh 5. Hinh anh cdc dang mii khoan Hinh 6. Hinh 4nh coc xi ming dit

3.4. Gia cuong hé mong bang phuwong phdp tron néng

Pao h6 méng sau 0,5 m, diing may thi cong 9 coc dudng kinh 0,2 m, chiéu dai 1,5 m, khoang cich
cac coc 0,4 m (Hinh 7). Ty 1€ tron 1a 300 kg xi ma“lng/m3 dét. Cudng d6 nén mot truc mau xi ming —
dét trong phong thi nghiém & 28 ngay 13 8,3 MPa, cudng dd ctia mau khoan tai hién trudng theo céc
do sau khac nhau & 28 ngay 1a 5,21 MPa dén 6,63 MPa, trung binh 1a 5,9 MPa. Nhu viy, cudng do
méau & hién trudng thip hon so véi trong phong thi nghiém. Mé dun bién dang dan hdi Esg (tai 50%
ting suét t6i da) clia coc xi ming dat 1a E. = 338,5 MPa. So sanh v6i mo dun bién dang ctia dét cat
san 14p 1a E4, = 8,93 MPa, ta c6 thé tinh mo dun bién dang ctia dém xi ming dét E,; bang cong thifc:

Ey=fE.+(-f)Ean (D

trong do6 ty dién tich thay thé f = 0,282, ta c6 E;; = 102 MPa va E,;/Eg, = 11,43.

V/ /)
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Hinh 7. Mit cat va mit bang b tri coc
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4. Quy trinh va két qua thi nghiém gia tai
4.1. Quy trinh gia tdi

Quy trinh gia téi tinh 4p dung cho nén tu nhién va nén gia c6 nong tham khdo TCVN 9354:2012—
Pét xay dung — Phuong phap xac dinh mo dun bién dang tai hién trudng bang tim nén phang [11].

TAm nén phang bao gdm 2 phan dit chong 1én nhau. Phan bén duéi 1a tAm bé tong cbt thép mac
200 d6 tai chd c6 hinh vuong, kich thuée 100x100 cm, chiéu day 10 cm, bao trim 1én hét cac dau
coc. Phan bén trén ctia tim nén lam bang thép, hinh vudng c6 kich thudc 70,71x70,71 cm, chiéu day
5 cm (Hinh 7). Dung 4 chuyén vi ké gin vao hé méc chuin dé do chuyén vi & 4 géc tim nén. Tai trong
dugc ting tiing cp, gilt mdi cip tai dén 6n dinh khi chuyén vi khong vuot qua 0,1 mm sau 1h. Thoi
gian giilt mdi cAp tai tiép theo khong it hon thdi gian gil cap tai trude. Ngiing thi nghiém khi 6n dinh
bién dang tng véi clp tai trong cudi hoic tong bién dang dat 0,15d (d 1a canh tim nén). Tién hanh d&
tai tiing cip, thdi gian gilf tdi mdi cAp 1a 10 phuit, riéng cap cubi giit 20 phut.

Kich thity luc c6 kha ning tao luc t6i da 200 kN. Pham vi do ctia dp ké tir 0 dén 60 MPa, vach
chia dong hd do 0,1 MPa. Pau do chuyén vi c6 do chinh x4c 0,01 mm, bién d6 50 mm.

Hé khung dan chét tdi (Hinh 8) dugc lam bang thép hinh, di kha ning chiu lvc va 6n dinh trong
sudt qua trinh chit tai ciing nhu thit tai. Hé dim chinh: dugc lam bang céc thanh thép 1300 x 150 day
8 mm, lién két v6i hé dim phu bing bu 1ong d€ truyén lyc kich (luc nén vao dau coc) 1én toan bo hé
doi trong.

- O A R R A e \\\. e \\\\\'\\ \..\\ \\\.\ T . X
V% Tru d& \Dam Kich thﬁy luc //

et Wl Bh e é
/ Coc chuén [] 7 {Lr //
% ThépV_ e 7 Tam thép |~ %

Hinh 8. Hé gia tai thi nghiém ban nén hién trudng

Hé dam phu dugc 1am bing cic thanh thép 1250 x 125 day 8 mm, lién két v6i nhau bing bu 16ng
dé d5 toan bo hé thdng ging va dbi trong chit trén dan. H& dam san dugdc lam bang cac thanh thép I
100 x 50 day 2 mm, lién két véi hé dAm phu d€ dG toan bd ddi trong chit trén dan.

Hé tru d5 dugc lam bang céac thanh thép 1 250 x 125 day 8 mm, phan tiép xic mit nén dugc han
cdc ban dé bang thép tim day 14 mm; lién két chac chin véi hé dam bing bu 16ng d€ chéng dd cho
toan bo hé dim va dbi trong. Ddi trong chi yéu 12 nhiing bao dung cat. Phan con lai 1a trong luong
ctia cdc dAm phu va dam chinh. Bao cét c6 khdi lugng 1a 35 kg/bao, tdng s6 1200 bao tuong ducng
42 thn.

Hé coc chuén, dAm chuén 12 hé théng cb dinh dung d€ xac dinh do dich chuyén cta ctia coc trong
qua trinh thit. Cac coc chuin, dim chuin lam bang thép V 60 x 60 x 6 mm, lién két chit v6i nhau
bing buldng.
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4.2. Két qud thi nghi nghiém

Két qua thit tai tinh thé hién trén Hinh 9, 10 va 11. V4i dat nén tu nhién, tai trong phd hoai x4c dinh
bing phuong phép xic dinh diém c6 do dbc thay doi dot ngot (giao diém hai tiép tuyén) ciia dudng
cong 4p luc chuyén vi 1a 80 kN/m?. Véi dét nén gia c6, chuyén vi tai ap luc 200 kN/m? 1a 17 mm, dit
nén chua c6 dau hiéu pha hoai (chua c6 diu hiéu thay ddi do doc dot ngdt). Néu so sanh do ldn tiic
thoi & cung cép ap luc 120 kPa, do lin clia tAm nén trén dém xi ming — dit nhd hon do lin cda tim
nén trén dat chua gia ¢ xap xi 5 1an.
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Hinh 9. Biéu d6 4p luc gia tai va chuyén vi tim nén theo thdi gian ctia dit nén ty nhién
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Hinh 10. Biéu dd 4p luc gia tai va chuyén vi tim nén theo thdi gian clia dt nén gia cb bang dém xi ming - dit
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Hinh 11. Quan hé 4p luc — chuyén vi clia tAim nén trén nén gia cb va khong gia cb

5. Két luan

Xuét phat tif y tudng gia cudng phan dat cat san lap trén dat yéu ap dung cho nha thip ting & dong
bing song Ciu Long, nghién ciiu da dat dudc mot s6 két qua:

Khi tron xi ming véi dit cat san 14p, cudng do nén don truc clia coc xi ming - dit cao hon kha
nhiéu khi tron xi ming véi cac loai dat sét yéu tu nhién v6i cing him luong xi ming, tif d6 c6 c6 thé
phét huy cao hon hiéu qua ciia coc xi ming - dét, tin dung t6i da 16p dét cat san l4p.

Viéc thit nghiém cic phuong phap tron xi ming — dit da di dén gidi phap thich hop 1a dung céc
canh cét c6 voi phun vita. Cc canh cit nay cho phép tao ra cic coc xi ming cé dudng kinh tir 20 dén
40 cm, dat do sau tdi da dén 6m. May thi cong nhé gon, dé dang dp dung cho céc cong trinh quy mo
nhd, diéu kién mat bang thi cong chat hep. Cac nghién citu v& mdy thi cong nay mdi chi 1a ban dau,
can c6 nhitng nghién ctiu va céi tién sau hon.

Viéc tron xi ming v6i dit cat cho phép ting md dun dan hoi clia dit 1én dang ké, trong nghién cifu
nay 1a hon 10 1an. Pém coc xi ming - dit dudi dé méng cé do ciing 16n cho phép giam ting suét gay
lin & tang dit yéu bén dudi viing gia cd, tir d6 giam ldn cho cong trinh.

Qua két qua thi nghiém ban nén hién trudng trén nén dat chua gia c6 va sau gia c¢b cho thiy stic
chiu tai ctia méng ting 1én hon 3 1an, do6 lin tic thdi lai ciing cip 4p luc 120 kPa gidm xudng xAp xi
5 1an. Nhu vay hiéu qua ctia viéc gia cudng nong bang coc xi ming — dét trong dét cat san 1ip dat
hiéu qua cao. Tuy nhién, trong cic nghién citu ké tiép can dp dung gia cb ndng bang coc xi ming -
dét trong céc loai dét khac d€ danh gia hiéu qua mot cach toan dién hon.
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