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THi NGHIEM MO HINH DPANH GIA BIEN DANG LUN CUA NEN DAT
YEU DUQC GIA CO BANG CAC COT PAT TRQN XI MANG

TS. Lé Ba Vinh
Truwong dai Hoc Quéc Gia Thanh Phé Hé Chi Minh

Tém tit: Khi tinh todn do lin ciia cong trinh ddp trén nén dat yéu dwoc gia c6 bang cdt xi mang
ddt, mét s6 cdc phiwong phdp va tiéu chudn trong nwéc ciing nhir nwde ngodi déu dwa trén nhiéu
gid thiét don gian héa. Piéu dé dan dén nhitng chénh léch giiva két qua tinh todn do lin theo cdc
phirong phép nay va theo thuc té. Trong bdi bdo ndy, cdc tic gia xdy ding mé hinh thi nghiém
dé danh gid bién dang lin ciia nén ddt yéu dwoc gia c6 bang hé thong cot ddt troén xi mang. Dua
trén két qud quan tric do hin theo cdac cdp dp lec nén khdc nhau, tién hanh so sanh véi két qua
tinh todn theo cic phwong phdp gidi tich d@é lam ré anh hieéng ciia ma sat giika khéi gia cé véi
nén ddt xung quanh.

Summary: /n the calculation of settlement of embankments on the soft soil improved with
cement treated soil columns, many methods and standards are based on several simplifying
assumptions. That leads to the difference between the results calculated according to these
methods and measured settlements. In this paper, the authors carried out model experiments to
evaluate the deformation of soft ground reinforced by soil cement columns. From comparison
between the analytical analysis and test results under inclined loads, the effects of friction
between the reinforcement block and surrounding soft soils can be analyzed.

I. PAT VAN PE dong nghia v4i viéc ma sét giira try va dét tang
dang ké. Ngoai ra, anh huéng cia tai trong
ngoai s& giam dan theo d6 sau. Trong bai bao
nady, tac gia xdy dung mo hinh thi nghiém dé
danh gia bién dang lin cua nén dat yéu duoc
gia c¢6 bang hé thong cot dét tron xi mang,

Giai phap dung hé thong cot dat tron xi ming
dé gia ¢b nén dat yéu la mot phuongphép phd
blen o Vlet Nam va trén the g101 Hién nay,
van d& vé bién dang cia nen dat duoc gia cd
bang cot dat tron xi mang van con nhiéu tranh
luan. Trong nhiéu phwong phap va tiéu chuan, IL CAC PHUONG PHAP TiNH TOAN PQ
cong thirc tinh toan d6 lin cua khéi gia ¢6 LUN ON PINH CUA NEN PAT YEU
khong xét dén ma sat cua khéi gia ¢d véinén PUQC GIA CO BANG HE THONG COQT
dat xung quanh, khéng xét dén su giam tng PAT TRON XI MANG

suat t’heo do sau va mo dun bién dang clia khf,)i Nhin chung, cac qui trinh tinh todn ctua Viét
gia c¢O chi dugc tinh trung binh, khong xét ,dén Nam, Trung Quéc, Chau Au, Thuy Pién déu
tuong tac gilra tru va dat. Cach tinh nhu thé sé€ phan d6 lan cia nén gia cb thanh 2 thanh
chua sat voi thyc té, vi trong thyc téphan ung phin S=8,+S, (S, — do lan ciia khéi gia cb, S,
thiy hoa xi mang s& lam mat nude trong nén,  _ d6 lun ciia nén dat dudi khéi gia ¢b). Trong

bai nay do lin cua khéi gia ¢ duoc tap trung
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D6 1an cta ban than khdi gia ¢ duoc tinh theo
cong thurc:
_H__ e (D)

E, aE +(1-a)E,

1

Trong do:

q - tai trong cong trinh truyén lén khoi gia cb
(kgf/cm?)

H - chiéu sau ctia khdi gia c6 (cm)

n.Ac

a -ty so dién tich, ¢ =
B.L

Ac - dién tich tiét dién tru (cm®),
n- téng s6 tru.
B, L - kich thudc khdi gia c¢b (cm)
E. — modulus dan hdiciia cot dat tron xi man g
(kgf/cm?)
E, — modulus bién dang ciia dit xung quanh
cot (kgf/em’)
B. Tinh todn d¢ lin theo tiéu chuin DBJ 08-
40-94 (Trung Quéc) [1]
b6 lun cua khbi gla cd dugc xac dinh theo
cong thurc:
_ (Pgp + Py, )H

2.Ep

S1
2
Trong do:
pPo— & luc trung binh tai dinh cot (kgf/ sz)

Pos— 4p luwctai miii cot (kgf/em®)

poz :po +7/tb XH (3)
Yo =7 XCH-(I—CZ)X}/S 4)

v - dung trong clia cot xi ming dat (kgf/cm3)
v - dung trong ctia nén dat yéu trong hop mo
hinh (kgf/cm?)

IIL. THi NGHIEM MO HINH PANH GIA
BIEN DANG LUN CUA NEN PAT YEU

PUQC GIA CO BANG HE THONG COT
XI MANG DAT

A. Muc dich thi nghiém

Thi nghiém trén mo hinh nham danh gi4 Gng
xtr cta hé cOt xi miang dat va nén dat yéu theo
cac cap ap luyc nén (& day chu yéu danh gia
anh huong ctia ma sat gitra khdi dat gia c¢6 va
dat xung quanh dén bién dang lun cua khdi gia
06). bo ép luc nén, chuy én vi ciia hé thon gcot
xi mang-dat trong md hinh & tirng cap ap luc
theo thoi gian. Tl két qua thi nghiém trén mo
hinh, dung phuong phép Asaoka dé xac dinh
dd lan 6n dinh cua nén gia ¢b. T d6 so séanh,
danh gia két qua do lin trén mo hinh véi cac
phuong phép giai tich.

B. Ngi dung thi nghiém

- Plic mu xi mang-dat véi ham luong xi
mang 16% c6 duong kinh 20mm, dai 200mm

- Thi céng cot xi miang-dat vao trong nén dat
yéu bén trong hop mé hinh

- Gia tai theo tung cép ap luc, do tri sb ap luc
nén, chuy én vi ciia hé cOt xi man g dét va nén
dat yéu theo thoi gian, quan sat, chup hinh.

C. Cich tién hanh

Miu dat yéu duoc liy & phuong Binh Khanh —
Quén 2 — TP H6 Chi Minh. Dung may tron ché
bi lai mau dat, sau d6 cho mau dat vao trong
hop mé hinh da dugc quét mot 16p dau nhot dé
han ché tbi da ma sét giita dat va thanh hop,
ddy nip hop mod hinh lai & dat cd két dudi
trong lugng ban than trong vong 3 ngay. Sau
d6, dat mot 1op vai dia ky thuat 1én trén nén
dat yéu, roi rai mot 16p cat day 10mm 1én trén
16p vai dia ky thuat. Lép vai dia ky thuat va
16p cat s€¢ dam bdo cho nudc dugc thoat ra
theo bién trén. Pat tdm ciang tan lyc lén trén
16p cat va gia tai cb két dat & cac cp ap luc
nhu bang 1.
Bang 1: Cép ap lwc dé ¢b két 16p dit trong
mo hinh
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Cép ap luc
(kefcr) 0 0.20 | 0.43
Thoi gian (ngay) 3 4 4

Sau khi ¢b két xong mang miu dit di thi
nghiém, két qua phan tich cac chi tiéu co 1y
cua dat sau khi ché bi dugc thé hién trong
bang 2
Bang 2: Tinh chat ciia miu dat
sau khi ché bj

Gia tri dai

TT Gia tri coly dién cﬁa,

caclp dat

Cét: 0.05-2.0 (mm), % 5.1

1 |Bui: 0.005 - 0.05 (mm), % 53.6
Sét < 0.005 (mm), % 41.3
2 |Do am ty nhién, W (%) 73.2
3 Igélg/gntlg())ng tu nhién, y, 1438
4 [Ty trong, G; 266
5 Hésér@ng ban dé‘lu,ao 2093
6 |DPorong,n (%) 67.7
7 |Do bao hoa, St (%) 93.0
8 |Gidi han chay, LL (%) 71.2
9 |Gidi han déo,PL (%) 35.6
10 [Chisé déo, PI (%) 35.6
| +¢ (DY) 03°39'
+C (kPa) 6.27

Hop mo hinh duge 1am bang thép tam cudng
do cao day 2mm, c6 kich thude dai 900mm,
rong 130mm, cao 230mm.
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10, oftximing dit

2
130

Hinh 2. Mdt bang bé tri cot xi mdng dat trong
mo hinh thi nghiém

Hé thong giatai st dyngbom thuy luc vakich
¢p, hé thong do ap lyc tac dung lén tdm cing
bang déng ho dién tir. Lop déat yéu trong md
hinh day 230mm. Hé thong déng hd do chuyén
vi ciia cot dat tron xi mang s€ ghi lai gia tri
chuyén vi theo tung cap ap luc nén theo thoi
gian. Sau khi c¢6 két xong nén dét yeu do tai,
cao got mit trén cia md hinh dé chiéu day 16p
dat yéu con lai 200 mm. Puc miu xi mang/dat
voi ham lugng 16%, ham lugng nude/xi mang
bang 1,5, duong kinh 20mm, chiéu dai
200mm.

Bang 3: Mot s6 chi tiéu ciia miu
xi mang-dat voi ty 18 16%

Tuf}i~ bio | 0 . .
dudng
Ngay % kgflem” | kgf/em’ %
7 5302 526.8 133
14 16 5593 577.6 120
28 6.691 678.9 1.13
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Khoang cach bb tri cac cot dat tron xi mang tir
tam dén tam 1a 50mm, bé tri cot theo hinh tam
giac. Mau duc duge 7 ngay tudi s& duogc thao
ra khoi khuén va cim vao hop mo hinh, ké dén
trai mot 10p vai dia ky thuat 1én phia trén khdi
gia ¢b, sau do rai thém mot 10p cat diy 10mm
lén phia trén 16p vai dia ky thuat. Cho cot xi

mang-dat da 28 ngiy tudi thi bat dau tién hanh
thi nghiém. Pat tdm cing tan huc day 3mm,
dai 140mm, rong 127mm 1én trén va tién hanh
gia tai theo timg cdp 4p luc, dong thdi bim
thoi gian va ghi lai sé doc ctia dong hd chuyén
vitngvai 1, 2,4, 8, 15, 30, 60, 120, 240, 480,
720, 1440 phut.

§ == Gp dém cat
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Hinh 3. Cdc budc thuec hién trong mo hinh thi nghiém

T1en hanh gia tai theo tung cap ap luc,
s doc lyc trén dong hod twong ung voi
tirng cp tai dugc tinh toan nhu bang 4

(sé doc da dugc hiéu chinh trong luong
cua trong lugong kich thuy lgyc va tam
cungtan lyc)

Bang 4: S6 doc dong hd twong tng véi ap luc nén

Ap lye nén keffem’ | 0.5 1.0 1.5 2.0 2.5 3.0 4.0
S6 doc trén dong ho kN 0.7 1.6 2.5 33 4.2 5.1 6.8

Ap luc nén dia timg cip s& dugc giir khong doi
cho dén khi chuyén vi ltn cianén dat va h¢ cot xi
mang dat duditam arng 6n dinh (khoang 24 gio).
D. Cac két qua thi nghiém

V61 moi cap &p luc nén, tir cdc do lin cua mo

Tludnd ghnt phnts

200 A0 Gk

KT L ITR L

NAET

G0y 000 1200 2A00 100

I T AT e | [ERLA1

hinh theo thoi gian, viéc phan tich d¢ lin on
dinh ctia nén dat yéu gia ¢b bang cot dat tron
xi mang dugc thyc hién theo phuong phap
Asaoka [3] cho tirng cap 4p luc nhu sau:

* V6i cép ap luc nén 0.5 keflem’
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Hinh 4. Két qua phan tich @ hin én dinh theo Asaoka 6 cdp dp luc 0.5 kgflem’
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* Voi cdp dp lwe nén 1.0 kgf/cm2
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Hinh 5. Két qua phan tich @ hin on dinh theo Asaoka 6 cdp dp luc 1.0 kgflem’
* Voi cdp dp lwe nén 1.5 kgf/cm2
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Hinh 6. Két qua phan tich @ hin 6n dinh theo Asaoka & cdp dp lwc 1.5 kgflem’
* Véi cdp ap luc nén 2.0 kgfiem’
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Hinh 7. Két qua phan tich @ hin én dinh theo Asaoka & cdp dp luc 2.0 kgflem’
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* Véi cdp dp lwe nén 2.5 kgf/cm2

L 1ol § rmn )

L hiim oo

L ik ganm | hd
iU aly pRLILE 140 Auon

[ KHOAHOC [IIIIE

v I i e TaFm 6 e
o

=10

1LA0E

G 3000, W10 318 510 SRR 318 0 k2 12a 5 200

Lo i i (e dpem -1 (omn

Hinh 8. Két qua phan tich @ hin én dinh theo Asaoka & cdp dp lwc 2.5 kgflem’
* Vi cdp dap luwe nén 3.0 kgflem’
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Hinh 9. Két qua phan tich @ hin 6n dinh theo Asaoka & cdp dp lwc 3.0 kgflem’
* Vi cdp dap lue nén 4.0 kgflem’
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Hinh 10. Két qua phdn tich d lin 6n dinh theo Asaoka ¢ cdp dp hee 4.0 kgflem’
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Tong hop cac két qua phén tich d6 in 6n
dinh dudi tung cap dp luc duoc thé hién
trong bang 6.

* Kiém chimg do lan 6n dinh ciia nén gia cb
theo cac phuong phép giai tich

Néu 4p dung 2 phuong phép giai tich néu trén

dé xic dinh d6 lin on dinh cua nén gia cb
trong mo hinh, cac két qua tinh lin duoc thé
hién trong bang 6 [4]. Trong d6 Eg lay theo gia
tri nén ¢ két cia ting cp ap luc. Tur thi
nghiém nén cd két mau dt sau khi ché bi ta co
cac gia tri modulus bién dang cia khdi gia cb
theo tirng cAp 4p lwc nhu bang 5.

Bang 5: Gia tri modulus bién dang cua khéi gia ¢d theo tung cfip ap luc nén

P kef/cn’ 0.5 1.0 1.5 2.0 2.5 3.0 4.0
E, |kef/em’ 87.4 88.3 89.4 90.7 91.9 933 96.4
Bang 6: P§ lin 6n dinh tinh theo cac NHAN XET
phuong phip Trong 2 quy trinh tinh toan do lin cia khéi
gia cO bang cot xi mang dat TCVN 9403-
Cipap | LCYN | DBjo8 | Polan | 2012 va tiéu chuan Trung Quoc BDJ 08-40-
e 9403- 4094 | quan tric 94 thi tinh toan theo quy trinh Trung Quoc
2012 cho két qua 16n hon tir (0.4+ 3.0) %, do BDJ
(kg/sz) (cm) (cm) (cm) 08-40-94 co xét dén anh 1}11’ 01} g cua irng suat
phu do trong lugng ban than cot.
0.5 0.075 0.077 0.064 L, ., . P
Két qua quan trac lin trong mé hinh cho két
1.0 0.150 0.152 0.137 qud nho hon so véi phuong phép tinh cta 2
15 0219 0221 0198 tiéu chuan tr(in, V(’ii chvénh léchA 16n Phét ‘lé
20.3%. Nguyén nhan cua sy chénh 1éch nay
2.0 0.299 0.302 0.263 lavi:
2.5 0.359 0.361 0.330 — Cac cong thirc tinh trong cac tiéu chuin
thuong cd xu hudngthién vé an toan.
3.0 0.426 0.428 0.400 _ .
— Cong thuc tinh lin theo ti€u chuan tuong
4.0 0.598 0.600 | 0524 |ty phe dinh luat Hooke kha don gian. Khi
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Hinh 11. So sanh dg lin 6n dinh tinh theo mét
50 phwong phap

tinh lun theo tiéu chuan di khong xét dén luc
ma sat xung quanh khdi gia ¢ do dét nén tao
nén. Do d6 tao ra su khac biét giira két qua
tinh lun theo tiéu chuan va theo thi nghiém
trongmd hinh thuc té.

— Trong cong thirc tinh lin theo tiéu chuan,
modulus dan hoi cia khéi gia ¢b ldy theo
phuong phép trung binh trong s 1a chwa phu
hop, vi modulus bién dang phu thudc rat
nhiéu vao su tuong tac gitra dat va try, dan
dén nhirng sai 1éch so vdi két qua thuc té trén
mo hinh.

* Tinh toan do lun theo phwong phap gidi tich
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6 xét anh hiong ciia ma sat giita khoi gia cé
va nén dat xung quanh.
Lyc ma sét gitra khdi gia ¢ va nén dét xung
quanh tinh theo cong thirc:
f. =(1-sing) xo, xtgp+ C
Trong do:
o, - ingsuat hiru hiéu gitra 16p dat trong khdi
gia cd theo phuong thang dimg

.y xh 4,8x0,2
o-h = =

2 2

4,8.10” (kgf/cm’)
f. =(1-sin3,65)x4,8x 107 xtg3,65+0,0627 =0,063
(kgf/em?)
Tt do6 tinh lan vai tai trong thuc tac dung 1én
khoi gia co la:
_gXBxL—f x2xHxB
- BxL

=0,48 (kN/m’) =

1
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Hinh 12. So sénh dg lin én dinh tinh theo mét
S0 phwong phadp co xét anh hwong cua ma sat
gitta khoi gia co va nén dat xung quanh.

Khi xét dén anh huong ctia ma sat gitra khéi
gia cb va nén dét yéu xung quanh, cac két qua
tinh ln dugc thé hién nhu trén bicu do hinh
12. Ttr day ta thiy do in xac dinh theo cac
phuong phép chénh léch khéng nhiéu. Chénh
léch gitra d6 Iin quan tric trong mé hinh so
véi do lun tinh theo phuong phap giai tich
(tinh theo % dugc thé hién trong bang 7).

Bang 7: Chénh léch giira do 1un tinh theo phwong phap giai tich va d lin quan tric

Cap 4p lyc nén Kgflem’ 1.5 2 2.5 3 4
Theo TCVN 9403-2012 % 6.7 0.5 1.7 1.8 7.3
Theo BDJ 08 40 94 % 5.7 1.3 1.1 1.3 7.7

IV. KET LUAN

- Trong 2 quy trinh tinh toan d¢ lin 6n dinh
coa khdi gia ¢b bang ¢t xi mang-dat theo
TCVN 9403-2012 va tiéu chuan Trung Qubc
BDJ 084094 thi tinh todn theo quy trinh
Trung Qudc cho két qua 1on hon tir (0.4+
3.0) %, do BDJ 08-40-94 c6 xét dén anh
hudng coa ing suat phu do trong luong ban
than cot.

- Céac két qua d6 lun do duoc tir mo hinh thi
nghiém déu nho hon cac két qua tinh toan do
lin coa khéi gia ¢b theo TCVN 9403-2012
va theo tiéu chuan Trung Qudc BDJ 084094,

v6i chénh 1éch 16n nhét 1a 20.3%, mot trong
nhiing nguyén nhéan 1a vi khi tinh lin theo
cac tiéu chuan da chua xét dén luc ma sat
xung quanh khdi gia ¢6 do dat nén tao nén.

- Néu khi tinh Iin theo céc tiéu chuan c¢6 xét
dén Iyc ma sat xung quanh khdi gia c6 do dat
nén tao nén thi chénh léch gitra két qua tinh
lan theo céc tiéu chuan va do lun do duoc tir
md hinh thi nghiém chi 16n nhét 1a 7,7%. Do
do, kién nghi can xem xét tinh dén lyc ma
sat coa khodi gia ¢d va nén dat xung quanh
khi tinh toan do lun 6n dinh ciia khdi gia cd
bang cot xi mang dét.

TAP CHIi KHOA HOC VA CONG NGHE THUY LGOI SO 26 - 2015 9



[ KHOAHOC [IIIIeE

LOI CAM ON
Nghién ctru nay duoc tai tro boi Pai hoc Qudc gia Thanh phé Ho Chi Minh (VNU-HCM) trong
khuén kho dé tai “Nghién ctru phuong phap tinh toan d¢ lun 6n dinh va d6 lun theo thoi gian cia

nén dat yéu duoc gia ¢d bang cot dat xi ming”, cip DPHQG, ma sd: C2014-20-13. Tac gia clia bai
béo xin tran trong cam on.

TAI LIEU THAM KHAO

[1] Quy phamky thudt xir Iy nén méng ctia Trung qudc (Shanghai- Standard: Ground treatment
code, DBJ 08 40 94) do Truong Pai hoc Pong té€ bién soan, ndm 1995

[2] Tiéu chuan xdy dung Viét Nam TCXDVN 9403 : 2012 "Phuong phép gia cb nén dat yéu
bang tru dat xi ming”, 2006.

[3] A. Asaoka, Observation procedure of settlement prediction, Soil & Foundation Vol.18,
No.4, Sept1978

[4] Pinh Hiru Dung, Phén tich tinh toan d6 lan nén ddp trén nén dat yéu duoc gia cd bing cot
dat tron xi mang, Luan van Thac si truong PH Béach khoa TP.HCM, 2014.

[5] K.Omine & H.Ochiai “Homogenization method for numerical analysis of improved ground
with cement treated soil columns”.

10 TAP CHI KHOA HOC VA CONG NGHE THUY LGOI SO 26 - 2015



