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Study on the modified method to calculate settlement of the soft soil
improved by soil cement columns

Abstract: Settlement S; of the soft soil block improved by soil-cement
columns is usually calculated by the basic theory of elasticity through
Hooke’ law. This calculation is very simple, because it ignores the
surrounding friction of the reinforcement block, the stress reduction
with depth, and modulus of deformation of improved block is calculated
without the interaction between columns and soft soil. This paper
proposes a method which takes into account the above-mentioned
factors to determine the settlement of the soft soil block improved by

soil-cement columns.

1. GIOI THIEU

Ngay nay cong nghé dat tron xi mang da rat
phd bién va dem lai hiéu qua cao trong viéc
xtr 1i nén dat yéu. Tuy nhién cac co so ly
thuyét dé tinh toan bién dang ciia nén dét yéu
gia ¢b try @it xi miang vin chua nhiéu, dic
biét 1a & Viét Nam. Do d6 viéc nghién ctru vé
co s6 ly thuyét dé tinh toan bién dang 13 rat
can thiét. Hién nay, khi tinh d6 lun S; ciia ban
than khi dat yéu dugc gia cd try dat xi mang,
hdu hét cac phuong phap déu tinh theo ly
thuyét dan hdi thoéng qua dinh luat Hooke,
¢=c/E . Khi @6 d¢ lin S; duogc tinh don gian,
khong xét dén anh huéng ciia ma sat xung
quanh khdi gia ¢b, khéng xét dén su giam tng
suit theo d6 sau va mo dun bién dang cia khéi
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gia c¢b chi dugc tinh trung binh, khong xét dén
trong tac gitra tru va dat. RS rang tinh nhu thé
s& chua dung véi thuc té, vi trong thuc té phan
rng thuy hoa xi ming s& lam mit nude trong
nén, ddng nghia v&i viéc ma sat gitta tru va
dét ting dang ké. Ngoai ra, anh huong cua tai
trong ngoai s& giam din theo d6 siu. Vi vay
dé c6 duge d¢ lun chinh x4c khi tinh lun cho
nén dit yéu gia c¢b try dit xi ming, cin co
phuong phap phu hop dé tinh bién dang cua
ban than khéi gia cb. Trong bai bao nay, tac
gid d& xuit cong thirc hiéu chinh dé tinh bién
dang cua ban than khéi gia ¢b, sau do sir dung
s6 lidu quan trac thuc t& va phuong phap phén
tir hitu han dé kiém chung lai cong thirc giai
tich da dé& xuét.

2. BIEN DANG CUA KHOI PAT YEU
PUQC GIA CO BANG TRU PAT XI MANG

D6 lin cta nén dit yéu gia ¢b tru dét xi mang
duoc tinh bang tdng do lin Sy ctia ban than khéi
gia ¢6 va do 10n S, cta nén dat bén dudi khdi
gia ¢b nhu trong hinh 1.
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Hinh 1. Cdc dg lin thanh phén ciia nén gia c6

Theo cac phuong phap tinh hién nay, d¢ lun
S1 ctia ban than khéi gia ¢b dwoc tinh don gian
nhu sau:

g-H_ aH
' E, aF.+(-a)E )
Trong do:

S; — d lin cta ban than khéi gia cb;

( — tai trong phan b trén khéi gia cb;

H — chiéu day khéi gia cb;

a— ty dién tich thay thé;

E. — mo dun dan hdi vat liéu try;

Es — m dun bién dang ctia dit xung quanh try.

Theo céch tinh nay thi d6 1Gn S; cta ban than
khéi gia cb dwoc tinh dua trén dinh luat Hooke:
¢=2, trong d6 bo qua ma sét thanh cua khéi gia

cb, va ung suét do tai trong ngoai khong thay
dbi theo chiéu sau, trong khi theo thuc té thi ma
sat thanh caa khéi gia cé van tdn tai du kha nho
va ung suat do tai trong ngoai s& giam dan theo
chiéu sau.

Trong bai bao nay, mdt phuong phap tinh
dwoc dé xuét véi su hiéu chinh cong thuce tinh
lun & trén bing cach xét thém: ma sat xung
quanh khdi gia cb, su giam dan anh huong cta
tai trong ngoai va st dung module bién dang
trung binh ctia khdi gia cd phit hop hon.

3. PHUONG PHAP CAI TIEN DPE TINH
TOAN BIEN DANG CUA KHOI PAT YEU
PUQC GIA CO BANG TRU PAT XI MANG

Theo Alen [4], phuong trinh phén bd tng
sudt trong khéi gia ¢b (do Alen cai tién tir cong
thtrc ctia Boussinesq):

1(B,x,2)=

1 B+2x B+2x B-2x B-2x
=—|21.————— +arcf 22 +arctg(——;

7 4ZZ+(B+2x)ZJr o 2 )+ 4% +(B-2x)? o 2 ) ((2)

Ung suét theo d6 sau trong khéi gia c6 do tai
trong ngoai q tao ra:
o(q,B,x,z2)=q.1(B, x, 2) 3)

Ma sit don vi xung quanh khéi gia ¢é duoc
tinh nhu sau:

f. =@A—sing)o,tgp+c
Trong d6:
c, 0 1an luot 12 luc dinh va goc ma sat trong
clia dat yéu xung quanh try.
Mo dun bién dang cta khéi gia c¢b (do
H.Ochiai & M.D.Boton d¢& xuét nim 1994)
duoc tinh nhu sau:

4)

_(b-Da+1
Ebluck - ib . 1—a (5)
E E
E 1-m
h=| =
£ ®
Trong d6:

Epock — m6 dun bién dang cua khéi gia cd;

a— ty dién tich thay thé;

b — hé sb tap trung ting suét;

m = 1- S;j phu thugc hé sb poison cua da;

Si dugc xac dinh dya theo hinh dang cua dét
tron xi mang (hinh 2,3,4,5):

o,

Hinh 2. Bdt- xi méng la nhitng 16p ngang
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Bién dang twong dbi cua 16p phan t6 dwoc

tinh nhu sau:
_0.1(B,x,z)BL—-f.2(B+L).dz
B.LE,, U]
—>dS=¢dz ®)
. ' _ T-5v
I AN P T15(1—v) H H _
sl 15(1-v,) _)S:J-dszj[q.l(B,x, 7).B.L f5.2(B+L)dz}dZ
) [ 0 0 B'L'Eblock
Hinh 4. Bdt- xi mang la nhing khéi cau )
i Xét nhimg diém nim trén truc qua tim dién
“. :.i . chiu tai, khi d6 x = 0:
5—4y,
S, =
8(1-v,)
_T 9.1(B.0,2).BL—f,.2(B+L)dz | .
) £ . - v ~ A 0 B'L'Eblock
Hinh 5. Dat- xi mang la nhitng khoi tru (10)
Xét khéi dét yéu o chidu rong B, chidu  _yg__1 [ Iq (B, 2)dz— If 2(B+L) dz}
dai L, chidu cao H duoc gia ¢b bing cac khdi block |0 B.L (11)
d4t xi mang hinh tru:
at xi mang hinh tru S IqI(B 2)dz s, _2(B+L)jfd
l l . i l 2q|% 2zB (12)
- = 50z + | arct
S ]
¢ T Tf’ I —J. 228 dz | —jarct — |dz
e LT e
H dz D D
7 B
-1 :Z[In(4z2 + Bz)]: ( 13)
" o BY By (o, g}
Hinh 6. So do tinh lin cho khoi gia co —1,=|zarctg 5 —g{ln("'z +B )}
0
(14

H

Chia khéi gia c¢b thanh nhiéu 16p phén té co q B )
chidu day dz. Xét lyc ding tic dung 1én 1 1ép =S =;[Z-af°t9(§j+g'”(4z +B )}

0

phan 6 dat : (15)
) | } Taco:
L l l dz " Si = 1
| ay ’ S, :2(B+L)jfsdz
l l ’
2(B+L)

-85, =

5L [2(1 sinpltge.y.z? +cz} (16)

B Z(B + L) J- f.dz
Hinh 7. Lép phan t6 dat gia ¢6 c6 chiéu day dz
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Tir cac phuong trinh (15) va (16)

H
>8= z—q{z.amg[E}rE Infez? + 8)-mz? b, mZ}
block 2) 8 Blg b (17)

Véi:
B+L « . (18)
= —(1-sin v +1
m 2q( oXdoy
B
m2 =——1In Bz (19)

Tur cac phuong trinh (17), (18), (19), ta c6
thé tinh dwoc do lan Sy cia ban than khéi gia cb.

4. KIEM CHUNG PHUONG PHAP DE
XUAT BANG CAC MO HINH

4.1. Kiém ching biang mé hinh thi nghiém
cia M.D.Bolton (dai hoc Cambridge)

Theo d6 M.D.Bolton d3 tao 8 try dét xi mang
duong kinh 30mm, dai 200mm trong hop vach
kinh. Xi mang Portland dugc tron véi ham
lugng 15kg/m*® vao trong sét Kaolin. Tai trong
thing ding dugc gia ting tir 0.96 dén 25kPa
théng qua tim ctng dit trén dau tru (hinh 8) va
céc thdng sé dat nhu trong bang 1.

Ta ding
I Tém cimng .
Tru dét =i ming Sét mém
N\ /
A 7
: 170|
200
,‘/‘ g
n '/.'
970 150

Hinh 8. Mb hinh thi nghiém cua Bolton

Kiém ching bing phwong phap phan tir
hitu han

M5 hinh gdm 30 tru dét xi méang, trén dau va
dudi miii cot 13 2 tAm ctng bang bé tong day
10cm, tai phan bd tac dung 1én tm cung la q=
7.5KN/m? (hinh 9).

Hinh 9. Mb hinh tinh toan trong Plaxis 3DF

Bang 2. Thong sb vat liéu trong Plaxis

VA | 16 hinh Céc thong s6
lieu
E=4(Mpa), c=10 (kPa),
bit Mohr- | =25, v=0.3, H=3m,
dép | Coulomb | y=18(kN/m°),
ky=kn=10"9 (m/sec)
E=1.5(Mpa), c=10(kPa),
Pit | Mohr- | ¢=0, y=16(kN/m®),
yéu | Coulomb |v=0.495, H=15m,
ky=Kn=10"9(m/sec)
Tru E=50(Mpa), c=80(kPa),
ditsi | Mohr- 0=35,7=17(kN/m°),
. Coulomb | v=0.495,H=10m,
fmang k,=kn=10"° (m/sec)

Bing 3. Tong hop sb liéu tinh toan S;

Bing 1. Thong sé vat liéu caa Bolton q(kN/m?) |75
H (m) 10
Fozﬂ E v c D a(%) Ec (kPa) 5e4
vatliéu | (kPa) (kPa) | (9 Es (kPa) 1.5e3
At xi 0,
Davt X1 17262 | 04 | 29.96 | 35 2 a (%) 6.5 8.6 10.87 | 16.97
mang B (m) 10
U171 | 049 | 266 | 0 L(m) _ 12
Kaolin c(KN/m?) 10
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5. KET QUA TINH TOAN

Biéu dd so sanh két qua thu dwoc tir cach
tinh theo cac phuong phap khac, theo cong
thie @& xuét véi két qua tr méd hinh thi
nghiém cua Bolton duoc thé hién trong hinh
10. Biéu db so sanh két qua thu dwoc tir cach
tinh theo cac phuong phap khac, theo cong
thire d& xuit voi két qua tir Plaxis cho céc
trudng hop nén dét gia ¢ co 30 try, 40 try,
50 tru, 60 tru duoc thé hién trong cac hinh
11, 12, 13, 14.

S1 (mm)
6.84

4.23

1

0
Cic phirong phiap Khac Thinghiém  Phwong phip dé xuit

Hinh 10. So sanh két qud tinh lin theo cdc
phuwong phap véi két qua tir thi nghiém

Cic phuwong phip khac Plaxis 3DF Phwong phip dé xuit

Hinh 11. So sanh két qua tinh hin theo
cde phirong phdp véi két qud tir Plaxis
cho truong hop 30 tru

S1(mm)
14 13

10.04

Céc phirong phap khic  Plaxis 3DF  Phweng phap dé xuit

Hinh 12. So sanh két qua tinh lin theo
cdc phirong phdp véi két qua tir Plaxis cho
truong hop 40 tru

S1 (mm)

8.57
7.69

Cic phrong phap khic Plaxis 3DF  Phwong phap d@é xuat
Hinh 13. So sanh két qud tinh lin theo
cde phirong phép véi két qua tir Plaxis cho

truong hop 50 tru

S1 (mm)

17
6 I S 5.62
4
l I I
0

Cic phuong phip khic  Plaxis 3DF  Phwong phip dé xuit

Hinh 14. So sanh két qua tinh lin theo cdc
phirong phdp véi két qua tir Plaxis cho
truong hop 60 tru
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* Nhan xét:

Qua céc biéu dd trong hinh 10, 11, 12, 13,
14 ta thdy két qua tinh toan do lan S; thu dugc
tir cong thirc dé xuét nho hon két qua thu dugc
tir cac phwong phap khac va gin sat vai két qua
thu dugc tir mé hinh thi nghiém, hay xép xi
véi két qua thu duge tir Plaxis. Cu thé trong
hinh 10 két qua thu dugc tir cong thirc d& xudt
16n hon két qua thu dwoc tir mé hinh thi
nghiém ciia Bolton 29%, va nhé hon két qua
thu duoc tir cac phuong phap khac 38%. Trong
cac hinh 11, 12, 13, 14 két qua thu duogc tu
cong thirc dé xuit nho hon két qua thu duoc tir
cac phuong phap khiac khodng (27 +31)% va
nho hon két qua thu dugc tir Plaxis khoang
(7+10)%. Qua d6 cho thdy phuong phap dé
xut cho két qua xép xi véi két qua tir Plaxis,
thé hién dugc nhirng tng xur thuc té cia khbi
dét yéu gia b tru dit xi méng,

6. PHAN TiCH CACH XAC PINH MO
PUN PAN HOI CUA VAT LIEU TRU PAT
XI MANG

Theo tiéu chuén Viét Nam TCVN 9403:2012
[1], khi tinh toan d6 lan S; cua khéi gia cb, thi
thong sé E¢ 14 md dun dan hdi caa vat lidu try.
Theo nhu mot s6 d& xuét gia tri mé dun dan hoi
nay c6 thé dugc Iy tir thi nghiém nén mét truc
0 n& hong vi day 1a thi nghiém don gian va rat
phd bién. Tuy nhién véi cach xac dinh nhu vay
thi that sy 14 chwa pht hop vi thuc té ngoai hién
trudng xung quanh cac try dat xi mang con c6
ap luc ngang cua dét nén, con trong thi nghiém
nén mot truc c6 nd hdng thi khéng c6 ap luc
xung quanh mau thi nghiém. Do vay, day 1a mot
trong nhitng nguyén nhan gay ra su khac biét
gitta gia tri mo6 dun dan hdi cua vt lidu tru dat
xi ming thyc té tai hién truong va gia tri moé dun
dan hi cua vat liéu try dét xi mang thu duoc tir
thi nghiém nén mét truc c6 no hong. Nhiéu két
qua thi nghiém hién truong d cho thiy su khac
biét nay 14 dang ké.

e Theo thi nghiém hién truong cua Baker
[7] tai cong trueong Loftaan mién nam Goteborg,

Thuy Dién da phan tich bién dang theo d6 sau
cua tru dit xi mang. Theo d6 30 tru dat-vdi-xi
mang dudng kinh 0.6m dugc dat ¢ do sdu 6m
nhim phuc vu cho cac thi nghiém khéc nhau.

Tepth [m]
Deptt [m]

i ST
12 C- T T R T T T

Vertieal deformution fmm)
Colunin 7

ST f
4 2 0 3 o8 9
Verial defermation ]
Corluemn 4

Drepth [m]
Depk [m]

L

4 -2 03 & v oI o
Vertiesl deformati

Codumn &

a4 1 4 3 2
n |wm) Vertial deforsation [mm]
Colrnrn 9

=

—— e i am —— s —k— TN

Hinh 16. Két qua thu dwoc tir thi nghiém
hién truong

Lack ring

Lond cell

Mignetit _ T
pedestal

Tell 1ales ==g)

E]II

Pipe casing

%

?‘E"‘:.

S

Hinh 15. Thi nghiém hién truong cua Baker
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Degih |m]
Drapth {m}

Colvma? |!
Load : 48 EN

B2 R I - B I
Veniieal deformation [mm]

BT I I T
Vertical deformation [mm]

Depth fm]

Depih In]

cvi| colmag |
v |Lead = 06 kN |«

Gda2 0 LT Y856
Verikzal deform atios [mn ]

 come |0
T |Load:30EH |-
LRI O I I N 1
Verlical defarmation [mr |

Simulation (s} —#F—  Simulation (b}

= === Simalaticn (c}

4+ Measueed

Hinh 17. Két qua thu dwoc tie mé phéng sé.

Thi nghiém cho két qua mé dun dan hdi cia
vat lidu try thuc té & hién truong 1a E. = 220
MPa, trong khi két qua thi nghiém nén don c6
E. = 60MPa.

e Theo m6 hinh thi nghiém trong phong cta
M.D.Bolton c6 mé dun dan hdi cua vat lieu tru
thuc té ¢ hién truong 1a E. = 65,3 MPa, trong
khi két qua thi nghiém nén don cho két qua E; =
17,26MPa.

ol

£ 70 prerrpreerpeeerprreTIOTT
ﬁ'su Cage-3

& —

5 50 g -

fol Ao L
:Esn ,.--"'""-'.F- Cage-1
22 ‘{""..— . :

Y i -
= a.fq.=0
} 4 8.3 4.4 1 4 J. 854§

O 0005 .01 0.015 0.02 0025 O.03
Normabired vertical setilement, &/B

Hinh 18. Két qud thu diroc tir thi nghiém trong
phong cia M.D.Bolton

TTTY

=]
E

L I
(=]
P
L

(=]
P

i
=]

AR
0 0.005 0.01 0.015 0.02 0.025 0.03
Mormalized vertical settlement, 4B

Vertical load intensity, g, (kPa)

L=J =]

Hinh 19. Két qud thu duwoc tir mb phong
sé ciia M.D.Bolton

e Theo thi nghiém hién truong tai quan Lién
Chiéu thanh phd Ba Nang [2] voi tru dat xi
ming chidu dai 7,5 m, ham lrong xi ming
360kg/m® dugc nén tinh st dung thiét bi do bién
dang doc truc la strain gage Geokon 9411,

Hinh 20. Mb hinh thi nghiém hién truong
ciia GS.TS Nguyén Truwong Tién
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Thi nghiém cho két qua mé dun dan hdi cia
vat liéu tru thuc t& & hién truong 12 E. = 2130
MPa, trong khi két qua thi nghiém nén don c6
E. = 1000Mpa.

Tir nhiing s6 liéu thi nghiém hién truong néu
trén cho thdy c6 sy chénh léch dang ké, tir
(2,1+3,7) I4n, giita m6 dun dan hdi cua vat liéu try
thyc t& & hién truong va mé dun dan hdi cia vat
liéu try thu dugc tir két qua thi nghiém nén don.

7. KET LUAN VA KIEN NGHI

Trong viéc tinh toan tmg sut, bién dang cua
nén dit yéu duogc gia cb bang cac tru dat xi
méng theo mdt s& phwong phéap hién nay, cu thé
13 tinh toan d¢ lan d6 lun S; cua ban than khéi

gia ¢b duge tinh dua trén dinh luat Hooke 2:%

b6 qua ma sat thanh cia khdi gia ¢6, va anh
hudng cua tai trong ngoai xem nhu khong giam
theo chiéu sau, trong khi theo thyuc té thi ma sat
thanh cua khéi gia c6 van ton tai di kha nho va
img suét do tai trong ngoai gy ra s& giam din
theo chiéu sau. Khi tinh toan nhu thé s& cho két
qué kha an toan, véi két qua do lin cua khéi gia
¢b 16m hon tir 25% dén 35% két qua thuc té tuy
theo d 16n cua ty dién tich thay thé. That vay
khi s6 luong tru cang nhiéu thi ma sat xung
quanh khéi gia ¢b cang 16n va phan tmg thuy
hoéa xi ming cang nhidu lam cho nén tang kha
nang chiu lyc nén dg sai 1éch gitta cac phuong
phép cang 16n. Cho nén, tinh toan theo cach nay
s& khong kinh té, dac biét dbi véi cac cong trinh
dudng, khéi luogng thi cong rat 16n.

- V6i phuong phap céi tién dugc dé xuét trong
bai bdo ndy, dd co xét dén ma sat cia dat xung
quanh khéi gia cb va su giam cta tmg suét do tai
ngoai gy ra trong ving dat duoc gia cd. Cac két qua
phan tich thu duogc tir phuong phép cai tién budce
dAu cho thiy sw phi hop véi bién dang thuc té cua
nén dit duoc gia cb bang céc tru xi mang dat.

- Khi tinh todn d6 lin S; cua khéi gia ¢b, néu
liy gia tri md dun dan hdi ctia vét lidu try tir thi

Ngueoi phan bién: TS. NGUYEN ANH DUNG

nghiém nén mét truc cé nd hong thi that sy la
chwa phi hop vi thyc t& ngoai hién trudng xung
quanh céc try dt xi ming con c6 4p lyc ngang
cua dét nén, con trong thi nghi€ém nén mét truc
c6 né hong thi khong c6 ap lwc xung quanh mau
thi nghiém. Do vay, day la mét trong nhiing
nguyén nhan gy ra sy khac biét gitra gia tri mo
dun dan hdi cta vat lidu try dét xi ming thyc té
tai hién trudng va gia tri moé dun dan hdi cua vat
liéu tru dét xi mang thu dugc tir thi nghiém nén
mdt truc c6 né hoéng. Tir nhimg sd lidu thi
nghiém hién truong néu trén cho thiy co su
chénh léch déng ké, tir (2,1+3,7) 14n, gitra mo
dun dan hdi cua vat litu tru thuc té & hién
truong va mo dun dan hdi cua vat lidu tru thu
duge tir két qua thi nghiém nén don.
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