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NGHIEN CUU MO HINH SO CHO BAI TOAN GIENG DIEM
CO KET CHAN KHONG

TS. vU VAN TUAN
Hoc vién Ky thuat Quan sw

Tém tét: R4t nhiéu cac cong trinh nghién ctru da
khdng dinh phuwong phép phén t hdtu han la mét
cobng cu dac luc dé mé phéng cac bai toan vé cd
két chan khong. Trong khi cac mé phéng sé vé cd
két chan khéng két hop véi bédc thdm (PVD) rét
nhiéu, thi cac mé phéng sé vé cé két bang giéng
hat chan khong két hop véi gia tdi mat dat |a rat
hiém gdp. Trén co sé& phan tich, so sanh két qua
ctda hai mo hinh sé ¢é dac tinh thdm khac nhau véi
sé liéu quan trdc ctia mét céng trinh thuc té. Bai
béao sé dwa ra mét sé két luén chd yéu vé si dung
phuong phép PTHH dé md hinh hang giéng diém
chan khéng két hop véi gia tai mat dét trong gia cd
nén dét yéu.

Tl khéa: Pét yéu, gia tai chan khéng, giéng
diém, md hinh phén t& hdu han.

Abstract: Numerous studies have confirmed that
the finite element method is an effective tool for
simulating the vacuum pre-loading. While the
numerical vacuum preloading
combined with prefabricated vertical drains (PVD)
are numerous, the
of vacuum wellpoints combined with the surcharge
load are very rare. Based on the comparison
between the results of two numerical models which
have different permeability characteristics with the
field data, some important conclusions about using
the finite element method to simulate the vacuum
wellpoints combined with the surcharge load would
be drawn in this paper.

simulations  of

numerical  simulations

Keywords: Soft ground, vacuum preloading,
vacuum wellpoint, finite element method.
1. M& dau

BPuoc W. Kjellman [6] gi¢i thiéu vao nam 1952,
cb két chan khoéng két hop gia tai trwdc so véi cac
phwong phap truyén théng (gia tai trwdc, gia tai
trwdc két hop véi bac thdm) da cho thdy cac wu
diém vwot trdi nhw: rdt ngdn duoc thdi gian thi
cong, gidm dwoc khéi lwong gia tai trwdc, tiét kiém,
khéng gay 6 nhiém méi trwong,... Diéu nay khang
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dinh ly do ma phwong phap nay dwec str dung rong
réi trén thé gioi.

Tai Viét Nam, hon mét thap ky tré lai day,
phwong phap cb két chan khong ciing da dwoc ap
dung. Ngoai mét s6 don vi da ghi tén minh vao linh
vwe x& ly nén bang phwong phap bom hat chan
khéng thi viéc thiét ké& va thi cong chd yéu van do
cac don vi nwdc ngoai ddm nhiém. Véi ly do do,
viéc nghién clru thém vé phwong phap nay dé ap
dung tai nwéc ta la vo cung can thiét.

Co s& ly thuyét tinh toan cb két chan khdng hau
hét déu xuét phat tir Iy thuyét cd két thdm. V&i mot
don nguyén giéng diém chan khong cé thé coi giéng
nhw mdt don nguyén PVD: cb két huwdng tam. Do
vay c6 thé dung phuwong phap giai tich va phuwong
phap phan t& hiru han dé tinh toan. Tuy nhién ngoai
thuc té, viéc bé tri cla giéng thweng theo hang nén
viéc tinh toan bang phuwong phap giéi tich la kha
kho khan do so d6 cb két phirc tap.

Phwong phap phan t& hiru han 1a mét céng cu
déc lwc dé md phéng cac bai toan vé cd két chan
khéng. RAt nhiéu cac codng trinh nghién ctu da
khang dinh diéu do [1-5, 7-15]. C6 thé thay rang,
cac mo phéng vé cé két chan khéng két hop véi bac
thdm (PVD) rét nhiéu, nhung cac md phéng vé cb
két bang giéng hat chan khong la rat hiém. TAc gia
Vu and Yang [14] cling d& tién hanh thi nghiém mot
don nguyén giéng diém trong phong thi nghiém va
xdy dwng mé hinh s& md phéng. Tuy nhién van
chuwa tién hanh mé phéng cho coéng trinh thyc té
ngoai hién tredng.

Trén co s& phan tich, so sanh két qua cda hai
mé hinh sé cé dic tinh thdm khac nhau v&i sé lidu
quan trdc cta codng trinh dwdng Thadm Giang —
Thanh phd Thwong Hai — Trung Quéc. Bai bao sé
dwa ra mot sé két luan chi yéu vé sir dung phwong
phap PTHH d& md hinh hang giéng diém chan
khong két hop véi gia tai mat dat trong gia cd nén
dat yéu.
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2. Gi&i thiéu cong trinh

Vi Viét Nam chwa c6 cdng trinh nao &p dung
phwong phap giéng diém chan khéng két hop Vi
gia tai trwéc nén cong trinh dung dé thtr nghiém sb

HO KHOAN 11

sé dwoc swu tam tr cac qudc gia khac. Cu thé &
day la coéng trinh dwéng Thdm Giang — Thanh phd
Thwong Hai — Trung Quéc [16].

2.1
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Hinh 1. Bja tédng khu vuc xay dung [16]

Bang 1. Chi tiéu co ly dat nén

. | Mé dun . Tham sé strc . A
L Dung | Héso L Hé so B . Cwong do
P . . b6 am o bien P chong cat L
So hiéu Tén goi e % trong [nénlin d tham chiu tai
an
ly (Nim¥)|  aws N9 |y (minga)| @ (@e9)|C(Kpa)l oy
Es (Mpa)
@ Dét l4p 1.05 | 34.4 18.0
21 Sét boét mau vang 0.75 | 26.2 19.7 0.30 5.82 | 0.00132 16.0 29.0 110
(2) [Sét bot mau xam vang| 1.07 | 39.2 18.1 0.55 3.09 | 0.00144 14.0 18.0 85
31 Bun sét mau xam 1.27 | 45.7 175 1.04 2.37 | 0.00506 14.0 15.0 65
3)2 Céat bot mau xam 0.92 | 328 18.7 0.33 8.52 0.0591 29.0 9.0 90
3)s Bun sét bot xam 1.23 | 43.0 17.6 0.89 2.6 17.0 14.0 65
4 Bun sét mau xam 142 | 50.7 17.1 1.12 2.23 12.0 13.5 65
Diéu kién dia chéat tai khu vic thudc loai tram 2.2 Phwong dn gia cé

tich hd, cAu truc dia chat twong dbi 6n dinh, dia tAng
khu viwe thay dbi khdng nhiéu. Tai vi tri xay dwng
gdm céc I&p dat nhw hinh 1, cy thé chi tiéu cla cac
|&p dat nhw bang 1 thé hién.
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Ma&t bang va quy trinh gia c6 x ly nén bang

giéng diém két hop voi gia tai trwéc dwoc trinh bay

trong hinh 2.
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Hinh 2. Mat bang (a), mat cat Il (b) phwong an thi cong giéng diém va dap tai truoc [16]

Phwong an gia c¢6 (hinh 2) tién hanh theo céac
cdng doan sau:

- Thi cong 3 hang giéng diém chan khéng sau
7,5m; khodng céach cac giéng la 1,2m (théng
thwong dwéng kinh ngoai cha giéng ¢219,
6ng 16i bén trong ¢ 38+55, bén ngoai 6ng 16i
| céat thd, sat méat dét s& bijt bang sét). Dw
kién tién hanh hat nwéc trong 3 thang;

- Thi cbng twong sét ngan nwdc xung quanh
khu vwc hat nwéce, chidu sau twong sét la
8,03 m;

- Dép dat giai doan 1 cao 2,6m réng 27,5m
trong 3 thang; dap déat giai doan 2 cao 1,5m
réng 22,5m.

Quy trinh thi céng va tién hanh gia cb x& ly trinh
bay trong bang 2.

Bang 2. Quy trinh thi cong va xcrly [16]

i i Ké hoach Thuc t& Thuwe t&/Ké hoach
Dw kien hut nwéc — ~ x
: Thoi gian 3 thang 134 ngay 150%
Db giai doan 1 Khéi lwong Cao 2.6m, réng 27.5m Cao 2.25m, rong 22.5m 79%
P9 ) Thoi gian 3 thang 56 ngay 62%
. Khéi lwong Cao 1.5m, réng 22.5m 0 0
b d 2 - -
ap glai doan Thoi gian 3 thang

3. Xay dwng mé hinh phan tich sé

Theo cong trinh nghién ctru trwéc day cla chinh
tac gid. Sy sai khac cia mo hinh khong gian va mo
hinh phéng trong mé phéng bai toan hang giéng
diém chan khéng |a khéng dang ké. Vi vay, bai bao
nay st dung mé hinh phang va dung phan mém
GeoStudio 2007 dé xay dwng mé hinh sb bai toan.

GeoStudio 2007 la phan mém gém nhiéu md
dun va cé thé hd tro 1an nhau trong qué trinh tinh
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toan. Doi v&i bai toan cb két thAm sé& khai bao trén
mé dun SIGMA/W vé&i kiéu phan tich Coupled
Stress/PWP. Vé&i kiéu phan tich nay ngoai cac tham
s6 phuc vu cho phan tich (ng suét — bién dang nhw
dung trong y, mé dun bién dang Es, ¢ va c thi cac
tham sb phuc vu cho phan tich c6 két nhw hé sb
thdm k ciing s& dwo'c nhap vao trong phan khai bao
vat liéu. Tuy vay, cac théng sb ban dau cla bai toan
van dung kiéu phan tich Insitu.

Tap chi KHCN Xay dung - s6 1,2/2018
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Mbd hinh 1: St dung mé hinh déi xing dé giam
khéi lwong tinh toan (hinh 3). Bién trai la twong
chan nén st dung bién khéng thdm va chuyén vi
khéng ché theo phwong ngang. Bién phai la giéng
diém chan khéng va ciing 1a mat déi xng, chuyén
vi ngang bang khéng va ciing la bién khéng tham.
Chiéu sau vang khao sat la 14m. Ap lwc nuwéc 16
réng tai bién giéng -100kPa bang v&i &p lwc chan
khéng. Tai mat dat dwoc khai bao nhw hinh 4.
Trwée khi thi cdng mat dat cé rai vai dia chéng ro
khi nén mat d4t c6 thé coi la bién khéng thaAm. Muc
nwdc ngadm dwoc gia thiét xuat hién tai dinh cta lép
2, (do khéng cé sé liéu nén gia thiét dwoc dya trén
so sanh do b&o hoa clia cac |&p dat).

M6 hinh 2: Theo tac giad Vu and Yang [14], trong
quéa trinh gia tai chan khéng vi nhiéu ly do khac
nhau (c6 thé a4t nén khu vc chua thye sy bdo hoa
hoac ap lwc nudc 16 réng am giébng nhw dat khong
b&o hoa) nén cach hop ly nhat dé ting tinh chinh
xac ctia mé hinh dy doan la gia thiét tinh thAm cla
dét giéng voi tinh thAm cta dat khong b&o hoa: hé
sb thdm thay dbi theo gia tri &m cla ap luc nwéc 16
réng. Dé kiém nghiém diéu nay trong mé hinh 2 moi
tham sé giéng v&i mo hinh 1. Tuy nhién tinh thAm
clla dat sé dwoc gia thiét 1a gibng nhw cha dat
khdng bdo hoa va bién thién theo ap lwc am cuia
nwéc 16 réng.
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Hinh 3. M6 hinh bai toan

GeoStudio 2007 hé trg ba loai ham (twong
dwong véi ba céng thiec thwe nghiém) dé xac
dinh sy bién thién cta hé sb thdm theo ap luc
hat am cha nwéc 16 rébng. Bai bao sé& chon
phwong phap cla Van Genuchten d& xac dinh
sy bién thién cia hé sb thAm. Cac théng sb can
thiét nhw: d6 dm (Vol. Water Content Fn), ham
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Tai trong dét dap (kPa)

lwgng nwdc dw (Residual Water Content), pham
vi lwc hut (Suction Range) déu dwoc gid thiét.
Riéng tham sb hé sb thdm trong diéu kién bio
hoa dwoc ldy chinh xac véi gia tri thi nghiém.
Két qua vé sy thay ddi cta hé sbé thdm theo ap
lwc nuwéc 16 réng am dbi voi tieng 16p dat duoc
thé hién trén hinh 5.

| |

78 100 150

Thai gian (ngay)

Hinh 4. Tai trong mat dét
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4. Phan tich két qua
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Hinh 6. Két qua tinh 1tn bdng md hinh sé va thuc té quan tréc tai khu vuc phan cach

Hinh 6 thé hién két qua tinh IGn cta cac mé hinh
sb va thuc té quan trac tai khu vyc phan cach. C6
thé thay mé hinh 2 cho két qua gan hon véi sb liéu
thyc té trong khi d6 md hinh 1 cho tri sb I&n hon.
Viéc mé hinh 1 c6 két qua lun cao hon so véi thuc
té diéu nay ciing phan anh dung thuc trang chung
cta viéc dung moé hinh sb dé& dw bao cho cb két
chan khoéng. C6 rat nhiéu tac gia da ly giai diéu nay
bang cach xét dén viéc giam hiéu qua cua giéng
thoat nwéc hay gan mét Iép dat khong b&o hoa tai
bién giéng,...

Hinh 7a thé hién két qua tinh toan lGn mat dat
cta 2 mo hinh sb. C6 thé nhan thay lGn mét dat c6
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thé chia lam 2 giai doan: giai doan 1 t lGc bat dau
dén 77 ngay, giai doan 2 bat dau tlr ngay thir 78. O
giai doan dau khéng cé tai trong méat dat, chi hat
chan khéng nén gia tri 1an I&n nhét tai vi tri giéng
chan khéng, gia tri IGn nhé nhét tai diém gitra cda 2
hang giéng. Biéu nay co thé ly giai la khi hat chan
khong, ap lwc nwéc 16 réng gidm nhanh quanh khu
vie giéng (hinh 7b), (rng suét hiru hiéu tang 1&n lam
lGn tai quanh khu viec giéng cao hon so v&i cac vi tri
khac. Tuy nhién & cudi cla giai doan 2, khi c6 sy
chat tai va quéa trinh cb két dién ra dang ké thi
ngwoc lai, ’ng suét hiru hiéu tai cac diém gitra cla
2 hang giéng tang nhiéu hon va lin tai cac diém nay
la 1&n nhat.

Tap chi KHCN Xay dung - s6 1,2/2018
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Hinh 7. Lin mét dét (a) va ap lwc nwéc 16 réng & d6 sau 3,4m cua md hinh sé tai mat cét A (b)

Hinh 7b cho thdy ap lwc nuwéc 16 réng tai md
hinh 1 gidm nhanh hon & m6 hinh 2. Nhw vay khi
coi dat cé dac tinh thAm cla dat khong bdo hoa
trong qua trinh cb két chan khéng thi &p lyc nuwéc 16
réng sé tiéu tan cham hon va cho két qua pha hop
hon véi thuc té.

Hinh 8 thé hién phan bd ap lwc nwéc theo
chiéu sau tai mé&t cat B. C6 thé thay: tir cao 6 7m
dén 6,5m &p lwc nuwéc 16 réng gidm kha nhanh.
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Pay 1a do tAng d4t cat bot nay cé hé sb thdm Ion
nén nuwdc sé thoat ra nhanh hon so véi cac tang
khéac.

So sanh &p lwe nwéce 16 réng tai ngay thir 77 va
ngay the 78 con thdy cé sw nhdy vot vé tri sb
(~40.5kPa). C6 thé thay do tai trong mat dat dwoc
khai béo 1a tai trong tirc thdi va yéu té nay chirng té
rang phan mém da mé phdng kha chinh xac d&c
diém cla qua trinh chét tai.
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Hinh 8. Ap luc nutc 16 réng theo chiéu sau tai mat cat B

5. Két luan

Trén co s& phan tich, so sanh két qua cua hai
mé hinh sé cé dic tinh thdm khac nhau véi sb liéu
quan trac cha céng trinh giéng diém chan khéng gia
cb nén dat yéu, bai bao dwa ra mot sé két luan nhuw
sau:

- C6 thé st dung phwong phap phan ti hiru han
dé& moé hinh cac céng trinh dung giéng diém chan
khong két hop véi gia tai mat dat dé gia c6 nén dat
yéu;

- Khi str dung thuéc tinh thAm |a ctia d4t bao hoa
thi két qué d6 lan tinh toan 1én hon so véi quan
tréc. Tinh chinh xac ciia mé hinh sé cai thién dang
ké khi st dung thudc tinh thdm la cta dat khéng
b&o hoa.

TAI LIEU THAM KHAO

[1] Chai JC, et al. (2009). "Optimum PVD installation
depth for two-way drainage deposit". Geomechanics
and Engineering, 1 (3), pp 179-192.

[2] Chai Jinchun, Bergado Dennes T., and Shen Shui-
Long (2013). "Modelling prefabricated vertical drain
improved ground in plane strain analysis". Ground
Improvement: Proceedings of the Institution of Civil
Engineers, 166 (2), pp 65-77.

[3] Duong Ngo Trung, Teparaksa Wanchai, and Tanaka

Hiroyuki (2012). "Simulation vacuum preloading

74

method by Tri-Axial apparatus”. International Journal
of Geosciences, 3 (1), pp 211-221.

[4] Ghandeharioon Al and

Rujikiatkamjorn Cholachat (2011).

Indraratna  Buddhima,
"Laboratory and
disturbance

finite-element  investigation of  soil

associated with the installation of mandrel-driven
prefabricated vertical drains". Journal of Geotechnical
and Geoenvironmental Engineering, 138 (3), pp 295-

308.

[5] Indraratna Buddhima and Redana IW (2000).
"Numerical modeling of vertical drains with smear and
resistance installed Canadian

well in soft clay".

Geotechnical Journal, 37 (1), pp 132-145.

[6] Kjellmann W (1952). "Consolidation of clay soil by
means of atmospheric pressure". In Proceedings on

Soil Stabilization Conference. Boston, U.S.A.

[7] Le Gia Lam, Bergado D.T , and Takenori Hino (2015).
"PVD improvement of soft Bangkok clay with and
without vacuum preloading using analytical and

numerical analyses". Geotextiles and Geomembranes,

43 (6), pp 547-557.

[8] Ong CY, Chai JC, and Hino T (2012). "Degree of

consolidation of clayey deposit with partially

penetrating  vertical drains".  Geotextiles and

Geomembranes, 34 (10), pp 19-27.

Tap chi KHCN Xay dung - s6 1,2/2018



DIA KY THUAT - TRAC BIA

[9] Rujikiatkamjorn C. and Indraratna B. (2013). "Current
State of the Art in Vacuum Preloading for Stabilising
Soft Sail'. Geotechnical Engineering, 44 (4), pp 77-87.

[10] Rujikiatkamjorn Cholachat, Indraratna Buddhima, and
Chu Jian (2007). "Numerical modelling of soft soil
stabilized by vertical drains, combining surcharge and
vacuum preloading for a storage yard". Canadian
Geotechnical Journal, 44 (3), pp 326-342.

[11] Saowapakpiboon J, et al. (2011). "PVD improvement
combined with surcharge and vacuum preloading
Geotextiles and

including simulations".

Geomembranes, 29 (1), pp 74-82.

[12] Tran Tuan Anh and Mitachi (2008).
"Equivalent plane strain modeling of vertical drains in

Toshiyuki

soft ground under embankment combined with
vacuum preloading”. Computers and Geotechnics, 35

(5), pp 655-672.

[13] Voottipruex P., et al. (2013). "Simulations of PVD
improved reconstituted specimens with surcharge,
vacuum and heat preloading using equivalent vertical

Tap chi KHCN Xay dung - s6 1,2/2018

flow conditions". Geotechnical Engineering, 44 (4), pp
177-182.

[14]Vu Van-tuan and Yang Yu-you (2016). "Numerical
modelling of soft ground improvement by vacuum
preloading considering the varying coefficient of
permeability”". International Journal of Geotechnical

Engineering, pp 1-9.

[15]Wu Hui and Hu Li-ming (2013). "Numerical model of
soft ground improvement by vertical drain combined
with vacuum preloading”. Journal of Central South
University, 20 (7), pp 2066-2071.

[16] SCHTHE (2003). "B 4% AKIPEAr HEFGTT s BLEE R A %
AR, Wik, FFFRYE, B, (Van Tan Luan (2003).
"Nghién ctu co' ché va (ng dung phuong phap chan
khéng ha thdp mwc nwéc ngdm két hop voi gia tai
trwdc”. Ludn van Th.S, Pai Hoc Péng Té, Thuong
Hai).

Ngay nhén bai: 24/5/2018

Ngay nhén bai stra ldn cuéi: 25/6/2018

75



