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TOM TAT: Thyc té hién nay c6 nhiéu phwong phap xu Iy nén dit yéu nhu phuwong phap gia tai trude c6
hodc khong ¢6 bac tham va phuong phap coc cat hodc coc da; phuong phap phut vira (Jet Grouting), tron
sau bang xi mang (CDM) va phuong phéap hut chan khong... Cac phuong phép trén déu c6 nhitng uu diém
ciing nhu khuyét diém. Bai bao nay trinh bay dénh gia hiéu qua xir Iy nén dét yéu bang phuong phap gia
tai hut chan khong sir dung cho cong trinh thuc té ¢ tang dat yéu 16n (20 m dén 30 m) dua trén céc thong
s6 dia chit khao sat dwoc sau khi cong tac xir Iy nén hoan tat.

TU KHOA: Nén dt yéu, hut chan khong, xir Iy nén dét yéu.

ABSTRACT: Soft ground improvement is a critical requirement in geotechnical engineering, and several
methods have been widely applied, including preloading with or without vertical drains, sand or stone
columns, jet grouting, deep cement mixing (CDM), and vacuum consolidation... Each method exhibits
distinct advantages and inherent limitations. This study focuses on evaluating the effectiveness of vacuum
consolidation as a soft soil improvement technique. The method was applied to an actual project site
underlain by a thick soft soil deposit ranging from 20 to 30 meters. The evaluation was conducted based
on geotechnical parameters obtained from post-treatment investigations.

KEYWORDS: Soft soil, vacuum, soft soil improvement.

bang xi mang (CDM), va gia tai hut chan khong.
Mdi phuong phép déu c6 nhitng wu diém va han ché
nhét dinh, phu thudc vao diéu kién dia chét, tién do
thi cong va yéu cau cua du an. Trong s6 d6, phuong
phap gia tai hit chan khong két hop bac thim ngay
cang dugc quan tim nhd kha nang ddy nhanh qua
trinh ¢6 két ma khong can gia ting tai trong ngoai
nhiéu, tir &6 giam thiéu rai ro va chi phi xdy dyung.

1. GIOI THIEU

Su phat trién nhanh chéng cua co s& ha tang va
d6 thi hoa trong nhitng nam gan day doi hoi ngay
cang nhiéu cong trinh xay dung quy mé 16n dugc
trién khai trén cac vung dat yéu. Nén dat yéu
thuong cé dac trung la tinh nén lin cao, cuong do
khéng cit thap va hé s6 thim nho, din dén hién
tugng lan 16n, mat 6n dinh va thoi gian ¢d két kéo
dai néu khong dugc xir 1y thich hop. Do d6, cac
giai phap xur ly nén dat yéu déng vai trd quan trong
nhim dam bao an toan, do bén vitng cling nhu hiéu

Mac du da dugc ap dung hiéu qua trong thuc
té, song tinh kha thi va hiéu qua xu Iy cua phuong
phap hut chan khéng, didc biét ddi véi nhimg khu
vue ¢ 16p dat yéu day, van 1a chu d& duoc quan

qua kinh té cho cong trinh x4y dung.

Hién nay, nhiéu phuong phap xir Iy nén dét yéu
da dugc nghién ciu va ting dung rong rai nhu: gia
tai trude cé hodc khong cd bac tham, coc cat hodc
coc dé, phut vita cao 4p (Jet Grouting), trn sau

tam trong nghién ctru ciing nhu trong thyc tién ky
thudt. Nghién ctru nay tép trung danh gid hiéu qua
xtr ly nén déat yéu bang phuong phap gia tai hut
chén khong dugc ap dung cho mét cong trinh thuc
té nam gan cang bién ¢ Viing Tau co 16p dit yéu
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day khoang 28 m (I6p dat 1b va 16p 3). Viéc danh
gia dua trén cac thong sd dia chét cua 16p dat yéu
(16p 1b va 3) thu thap dugc sau khi cong tac xu ly
nén hoan tit, qua d6 cung cap thém nhitng minh
chimg khoa hoc va thuc tién vé tinh ing dung va
d6 tin cay cua phuong phap nay trong cac du an
xay dung quy mo 16n.

s aime s s s pes s sa s
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Hinh 1: Hinh try hé khoan dja chit cong trinh

Giai phap xu ly nén dat yéu cho cong trinh la
phuong phap hut chan khéng véi ap lyc hut chan
khoéng tur 70 kPa tré 1én két hop bac tham dugc
thiet ké theo ludi tam gidc vdi khoang cach 1 m va
chiéu dai bac tham tir 19 m dén 28.5 m (tuy thudc
vao chi€u day cua 16p dat yéu cua tung khu vuc).
Quy trinh thi cong xt ly nén dat yéu thuc hién theo
cac budc nhu sau:

+ Budc 1: Cong tac chudn bi mit bang bao
gom nghiém thu toa d¢ va cao do cac diém dinh vi
ctia khu vue xir Iy nén va khao sat dia chat dé xac
dinh cac thong so thiet ké.

+ Budc 2: San lap cat dén cao trinh +1.8 m.

+ Bude 3: Cim bac thim va thi cong tudng sét.

+ Budc 4: Lép dat hé théng quan tric.

+ Bude 5: Lap hé thong dng thoat nudc ngang.

+ Budc 6: Trai 16p vai dia ky thuat thi nhét, 02
16p mang kin khi va h¢ thong bom hut chan khong.

+ Budc 7: Chay thir hé thong hut chan khong
va kiém tra tinh trang kin khi.

+ Budc 8: Trai 16p vai dia ky thuat tha hai.
Van hanh hut chan khong.

+ Budc 9: Thi cong san lip cat tir cao trinh
+ 1.8 m dén cao trinh + 3.5 m.

+ Budc 10: Thi cong dép bu lin giai doan 1.

+ Budc 11: D& tai hut chan khong, tién hanh
khao sat dia chat sau khi gia c6 nén

+ Bude 12: Pap bu bd sung (néu cb) dén cao
trinh thiét ké + 3.5 m.

+ Budc 13: Don dep vé€ sinh va ban giao mat
bang.
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2. SO SANH CAC THONG SO CUA PAT YEU
TRUOC VA SAU KHI XU LY NEN

Dua trén Bio cdo két qua khao sat dia chat
cong trinh trude va sau khi xir Iy nén [1] tién hanh
so sanh cac thong sb cua dat yéu.

2.1. Dung trong kho

Dudéi dy 1a biéu db so sanh dung trong kho cta
16p dét yéu 1b va 3 trudc va sau khi xir Iy nén dét
yéu bang phuong phap hit chan khong (sau day
duoc viét tit 1a XLN). Trén Hinh 2 ta thiy dung
trong khd cua 16p 1b sau khi XLN tang thém
16.44% tir 8.27 (KN/m’) 1én 9.63 (KN/m®) va trén
Hinh 3 ta thdy dung trong kho cua 16p 3 sau khi
XLN tang thém 17.6% tir 9.18 (kN/m’) 1én 10.8
(kN/m*). Dung trong kho cua 16p dét yéu tang thém
cho thay 16p dit duoc nén chit lai sau khi XLN.

Dung trong khoé ciia lép 1b (KN/m?)
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o Dung trong kho
trirde khi XLN
~10.0 1
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Hinh 2: Biéu db so sinh dung trong khé 16p 1b
truwoc va sau XLN

Dung trong khé eia lop 3 (KN/m?)
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Piliog mee —e— Dung trong khé
30.0 obed e trung binh sau khi
XLN
35.0

Hinh 3: Biéu dé so sinh dung trong khé lop 3
truwoc va sau XLN



2.2. H¢ s6 rong

Hé 56 rong ciia 1op 1b trude va san khi XLN
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Hinh 4: Biéu dé so sdnh hé sé rong lop 1b
trwoce va sau XLN

Hé s6 réng lop 3 tnnde va sau khi XLN

0 2 4
0.0
50
10.0 o
4 Hé so rong tnrde
_ klu XLN
E 150
% - @ =Hé 56 réng trung
é 200 binh trrde khi XILN
= 4 Hé 50 rong sau khi
25.0 XLN
A £
30,0 +He 50 10ng trng
binh sau khi XLN
350

Hinh 5: Biéu dé so sdnh hé sé rong lop 3
trudc va sau XLN

Céc biéu d6 Hinh 4 va 5 cho thdy hé sé rong
cia 16p dat yéu 1b va 3 giam lan luot tir 2.16
xudng 1.73 tuong duong 19.9% va tir 1.89 xudng
1.45 tuong duong 23.3%.

2.3. D% Am

B dm cia lap 1b tnrde va sau khi XLN (%)
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Hinh 6: Biéu dé so sdinh dp dm 16p 1b
trwoce va sau XLN
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Pé am ldp 3 trrde va sau khi XLN (%)
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Hinh 7: Biéu dé so sdnh dp am lop 3
truwoc va sau XLN

Hinh 6 & trén thé hién d6 4m cua 16p 1b giam
sau khi xur Iy nén dat yéu tir 81.01% xudng
64.72%. Tuong tu d6 am cua 16p 3 trén Hinh 7 thé
hién sau khi xa 1y nén giam tir 71.11% xudng
53.77%. Trén Hinh 6 va 7 ciing thé hién 13 do am
16p dat yéu trude khi xir Iy nén da phan nén ngoai
gidi han chay W, con sau khi xtr Iy nén hau nhu
d6 4m 16p dét yéu nam trong ving tir giéi han déo
dén giGi han chay cua dét.

2.4. Ap luc tién c6 két

Hai biéu dd ¢ Hinh 8 va Hinh 9 cho thay ap luc
tién c¢6 két cua 16p 1b va 16p 3 ting thém mot
lugng trung binh 1an luot 1a 33.23 (kN/m?) va
20.64 (KN/m?).

Ap lyre tién 6 két ciia 16p 1b trrde va sau khi XIN
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Hinh 8: Biéu dé so sdnh dp luc tién cé két Iop 1b
truwoc va sau XLN
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Do sau (m)
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Hinh 9: Biéu dé so sdnh dp lwc tién cé két lop 3

trwoce va sau XLN

2.5. Chi so nén C, va chi so né C;

Po sau (m)

Po sau (m)
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Hinh 10: Biéu dé so sdnh chi sé nén lép 1b
trudc va sau XLN

Chi s6 nén cuia I9p 3 tnrde va sau khi XLN
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Hinh 11: Biéu @6 so sdnh chi sé nén lép 3
trwoce va sau XLN

Céc bicu do so sanh chi s6 nén 16p 1b va 3

trudc va sau khi xir Iy nén ¢ Hinh 10 va 11 cho
thdy chi sb nén giam lan lugt 51.8% va 60.4%,
diéu nay ching to 16p dit duoc cai thién d6 nén lun
tang sic chiu tai nén.

Dé sau (m)
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Hinh 12: Biéu @6 so sdnh chi sé né l6p 1b
truwoce va sau XLN

Chi s6 né ctia Iép 3 trurdie va sau khi XLN
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Hinh 13: Biéu do so sanh chi sé né lop 3
trwoc va sau XLN

O Hinh 12 va 13 cho thdy chi sb no cua 16p dat
va 3 khong thay d6i nhiéu.

2.6. Sirc chdng cit ciia dat theo thi nghiém cit canh

Bi€u d6 so sanh stric khang cét khong thoat nudc

S, cua 16p dat yéu 1b va 3 theo thi nghiém cit canh,

hién trudng cho thdy sirc khang cét cua 16p dat yéu
tang nhiéu 54.5% (tir 21.81 kPa 1én 33.69 kPa).
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Sire chf)ug cét khong thoat nude S, (kPa)
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Hinh 14: Biéu db so sdnh sirc khdng cit
khong thodt nwoc S, cia lop 1bva 3
truwoc va sau XLN

3. TINH TOAN PQ LUN CON LAI SAU XU’
LY NEN DAT YEU
3.1. Cic thong sb clia dat sau khi xir Iy nén

Cong trinh da dwoc xir ly nén bing phuong
phap bom hit chan khong véi do cb két U > 90%
va da dugc do tai dé thuc hién khao sat sau x@t ly
nén va cac cong tac tiép theo ctia du an.

Cin ctr Béo céo khao sat sau xur ly nén, céc
thong s6 cua cac 16p dat dién hinh sau khi xtr ly
nén dugc thé hién trong bang sau:

Bang 1: Cac thong s ciia cac 16p dat dién hinh

Théngsé | Lép K | Lop 1b | Lép2b | Lop3 | Lop 4
Cat Sét | Catldn| Sét Ciat
14n sét | rat déo sét rit déo | 14n sét
Cl};‘;‘;n‘f)‘y s2 | 113 | 22 | 130 | 219
7, (kN/m®) | 18.6 | 1580 | 18.95 | 16.54 | 19.42
W (%) 236 | 6472 | 239 | 5377 | 220
SPT 5 2 4 3 19
e 0769 | 1.73 | 0.744 | 145 | 0.677
C. 0.143 | 0.53 0.40
G, 0.044 | 0.16 0.11
O | 1471 | 0359 0.380
(10~ cm/s)
C, 0.0161 0.0123

Céc yéu cau thiét ké cta nén dat sau khi thi
cong hut chan khong xir Iy nén dét yéu phai thoa
man cac diéu kién theo bang sau:
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Bang 2: Cac yéu cau thiét ké xir Iy nén dat yéu

STT Théng s6 cin dat dwoc Gia tri
1 | Hoat tai sir dung 20 kN/m?
2 | D6 1un nén trong 30 nam <40 cm
3 | D4 lan trong tirng nam <2.0cm

3.2. Tinh toan d9 Iin con lai ctia nén sau xir ly nén

3.2.1. Tinh todn dp lin cé két ciia nén dwéi hoat
tdi sir dung

b6 lun cb két duogc tinh theo cong thurc sau
theo tiéu chudn TCVN 9355 2013 [2]:

+ Néu Ap+o,<p.:

n h, Ap+o
S =) C,——lo z 1
=2 G g[ - J (1)
+Néu o,>p,.:
n . A
5.=Y" c, log( p“’z} 2)
= T 1+e, o,

+Néu 0. <p, va Ap+0.>p,:

n Ml D N+o.
S = ——| C,log| == |+C, log| —= 3
[ Z{:l 1+e()i|: St Og[o_ J+ i Og[ p ]:| ( )

Trong do:

Ap - 4p lyc thang dimg do tai trong ngoai;

o. - ap luc thang dung do trong lwong ban than;

Ppe - ap luc tién cb két cua 16p dat;

h; - chiéu day 16p dat tinh an th i;

e - hé g(”') rong cﬁe} ldp dat thir i & trang thai ty
nhién ban dau (chua dap nén bén trén);

C,; - chi s6 nd cua 16p dét thar i;

C,; - chi s6 nén lun cua 16p dat thi i.

Do lun ¢ két ciia nén dudi tai trong sir dung:
Py = 20 kN/r’n2 ’duqc t1:nh 'Eoén theo bang dudi.
Tong do lun cd ket cta nén dat: S, = 0.110 (m).

Bang 3: Tinh toan dd lan c6 két nén dat

Lép| z | Ak P, S;
dit | (m) | (m) G G (KN/m?) (m)
K | 09 | 09 -
K | 52 | 43 -
Ib| 72 | 2 | 016 | 0535 95.5 0.016
Ib| 92 | 2 | 016 | 0535 105.8 0.014
Ib | 112 ] 2 | 016 | 0535 116.0 0.012
Ib | 132 ] 2 | 016 | 0.535 126.3 0.011
Ib | 152 | 2 | 016 | 0.535 136.5 0.010
Ib | 165 | 13 | 0.16 | 0.535 145.0 0.006
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Lop| = | AR | c P S;
dat | (m) | (m) s ¢ (KN/m?) (m)
2b | 187 | 22 0.002

3 1207 ] 2 | 011 | 0.409 173.0 0.006
3 227 2 | 011 | 0.409 185.0 0.005
3 (247 2 | 011 | 0.409 197.1 0.005
3 267 2 | 011 | 0409 | 2092 0.004
3 (287 2 | 011 | 0409 | 2212 0.004
3 1307 2 | 011 | 0409 | 2212 0.009
30317 1 0.11 | 0409 | 2212 0.007

Téng do lin S, (m) = 0.110

3.2.2. Tinh todn dp lin ciia nén theo thoi gian
s dung

Tinh toan d6 lun do tr bién cta nén theo thoi
gian:

S, = A, C, log(%] @)

l+e,
Trong do:
Soo - @6 n do tir bién;
Coe=(1+e,) C, - chi sb tir bién;
e, - hé sb rSng ban dau;
C, - hé s6 tlr bién.
Tinh toan d¢ lun cta nén trong 30 ndm sir dung

nhu Bang 4 ¢ dudi.

Bang 4: Tinh toan d lin ciia nén theo thoi gian

gian ket co ket bién do lun nim
nam % cm cm cm cm/ndm
5 11.22 1.23 7.87 9.11 1.39
7 13.27 1.46 9.52 10.98 0.94
9 15.05 1.66 10.75 12.40 0.71
12 17.38 1.91 12.16 14.07 0.55
15 19.43 2.14 13.25 15.38 0.44
20 22.43 2.47 14.65 17.12 0.35
25 25.08 2.76 15.75 18.50 0.28
30 27.47 3.02 16.64 19.66 0.23

Két qua tinh toan d¢ lin cho thiy nén sau khi
xtr ly nén bang hit chan khéng théa min yéu cau
thiét ké dé ra.

4. KET LUAN VA KIEN NGHI

4.1. Két luan

Két qua phén tich so sanh cac thong s dia chét
trude va sau xir ly cho thdy phuong phép gia tai hut
chan khong 14 giai phap hiéu qua ddi véi nén dt
yéu ¢6 chiéu day I16n (20 m dén 30 m), gép phan
nang cao dang ké d6 6n dinh nén dét yéu, dong thoi
cai thién dac tinh cd két va st khang cat.

4.2. Kién nghi

Pé dat duoc hiéu qua t6i uu khi xir Iy nén dat
yéu bang phwong phap hut chan khong két hop bac
thim thi viéc thiét ké hé théng bac thim va duy tri
ap luc chan khong 6n dinh theo yéu clu thiét ké 1a
yéu t6 then chdt; can thuc hién giam sat chat ché
trong sudt qua trinh thi cong.

Dbi véi cac du an c6 16p dat yéu day tir 20m
dén 30m hodc diéu kién dia chat phurc tap, nén két
hop phan tich md phong va thi nghiém thuc dia dé
diéu chinh thiét ké phu hop.

Nghién ctru tiép theo nén mé rong ) liéu thuc
nghiém va theo doi dai han dé dénh gia bén viing
clia nén dét sau xir ly, tir d6 cung cip co s khoa
hoc vitng chéc cho viéc 4p dung phuong phép nay
0 cac cong trinh tuong tu.

TAI LIEU THAM KHAO
[1] Béo céo két qua khao sat dia chat cong trinh
trudc va sau khi xir Iy nén.
[2] Tiéu chuin Qudc gia. TCVN 9355:2013 Gia
¢ nén dit yéu bang bac tham - Thiét ké, thi
cong va nghiém thu.
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