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RESEARCH ON THE CALCULATION OF SOFT GROUND REINFORCED
BY TOP-BASE TECHNOLOGY BASED ON NONLINEAR ELASTICITY
THEORY AND VERIFICATION BY NUMERICAL MODELING

NGHIEN CUU TINH TOAN NEN DAT YEU GIA CO TOP-BASE
DUA TREN LY THUYET PAN HOI PHI TUYEN VA KIEM CHUNG
BANG MO HINH SO

Tran Quéc Phong
Truong dai hoc Quang Binh

ABSTRACT: Ground improvement using Top-base technology has been widely applied in
soft soil treatment due to its economic efficiency and rapid construction process. However,
conventional calculations based on the Winkler elastic foundation model do not fully capture the
interaction mechanism among the subsoil, Top-base elements, and infill materials. This study
proposes a new computational model based on nonlinear foundation theory, in which the Top-base
system is considered as a heterogeneous medium consisting of soft soil, reinforcing elements, and
infill materials. A new load distribution coefficient is introduced to describe the stress transfer
mechanism among these components. The proposed model is validated through three-dimensional
finite element analysis using PLAXIS 3D software. The results indicate that the predicted
settlement error is less than 10% compared with conventional calculation methods. In addition, a
multilayer Top-base solution is proposed for design applications and for the standardization of
Top-base technology.

Keywords: Foundation improvement, Top-base, nonlinear behavior, stress-strain
relationship, Winkler elastic foundation model.

TOM T/f T: Giacénén méng bang cong nghé Top-base dang dirge dp dung phé bién trong xi
Iy nén dat yeu nho hiéu qua kinh té va thoi gian thi cong Tuy nhién, cdc phu"ong phdp tlnh todn mo
hinh dan héi Winkler chiea phan dnh day di co ché twong tdc giiva dat nén, pheu gia c6 va vt liéu
chén. Nghién ciru nay dé xudt mét mé hinh tinh todn méi dwa trén Iy thuyét nén phi tuyén, trong do
hé Top-base dirgc xem nhie méi triwong khong dong nhdt gom dat yéu, phan tir gia cwong va vt liéu
chén. Mdt hé s6 phdn phdi tdi trong méi dwoc dwa nham mé ta sw phdn bé vmg sudt giita cdc thanh
phan. M6 hinh dwoc kiém chirng thong qua phan tich phan tir hivu han ba chiéu bang phan mém
PLAXIS 3D. Két qua dir bdo dg sai s6 lin nhé hon 10% so véi phwong phdp tinh todn truyén thong.
Dé xudt gidi phdp Top-base nhiéu I6p trong thiét ké va tiéu chuan héa cong nghé Top-base.

Tir khéa: Gia c6 nén mong, Top-base, phi tuyén, vmg sudt - bién dang, mé hinh dan hoi
Winkler.

1.PATVANDE phap nham dép tmg kha ning chiu luc khi

Ngay nay, sy xuat hién nhidu cong  taitrong cong trinh1én cao. Nhiéu giai phap
trinh c6 s6 tAng 16n, tdng dién tich mitbdng  nén méng dwoc dua ra dé gidi quyét tinh
16n dugce xay dung trén dia ban tinh Quang chat phtc tap cua dia chit va cao do cong
Tri doi hoi nén méng ciing c6 nhimg gidi  trinh anh huéng dén chiéu sau chon mong
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tac dong khong nho dén tinh cht chiu luc
va hiéu qua kinh té. Cuy thé cac cong trinh
duoc xdy dung trong khu vuc triing, dat
yéu, doi hoi phai boc bo 16p dat yéu, 16p

(a) Mb hinh nén dit yéu dudi mong
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phong héa day, thay vao d6 16p dit san nén
lam anh huéng tinh ¢ két ciia nén dét, anh
huong toi cao do dat mong.
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Hinh 1. Hinh mau ddc trung nén dat yéu va ing xt nén dat dudi tai trong

Dia chét khao sat duge xem la yéu voi
cac diéu kién dia chat: dat sét mém: gém
cac loai dat sét hodc 4 sét, ¢ trang thai bio
hoa nude déo mém, déo chay, co cuong do
thap. Dat bun: Céc loai dét tao thanh trong
moi trudong nudc, thanh phﬁn hat rat min, &
trang thai ludn no nudc, hé sb rng rat 1n,
rat yéu vé mat chiu luc; DAt than bun: 13 loai
dat yéu co ngudn g hitu co, duge hinh
thanh do két qua phan hity cac chat hiru co
¢6 & cac dam 1ay (ham luong hiru co tir 20 -
80%)[1,2,5].

Nén dat yéu c6 nhiéu tic dong va nguy
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co gdy mat an toan cho cic cong trinh xay
dung. Viéc nghién ctru nén dat yéu va xéac
dinh bién phap xtr ly phu hop c6 mot y
nghia quan trong [3, 7]. Trong thuc té, cin
can ¢ vao diéu kién dia chat cong trinh cy
thé dé sir dung cac bién phap xur ly vé két
cau cong trinh, cac bién phap xir ly vé méng
hay cac bi¢n phap xur ly nén, hoic st dung
két hop t6 hop nhiéu bién phap, giai phap
phu hop cd lién quan. Tuy nhién, cac nghién
ctru hién nay chi yéu dya trén thuc nghiém,
thiéu mo hinh ly thuyét tong quat c6 thé ap
dung trong thiét k& [6].
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Hinh 2. Giai phap mat bang khéi Top-base; cau tao phéu Top-base [4]

Giai phap gia c6 dat nén Top-base duoc
dé cap trong nghién ctru img dung tryc tiép
trong xtr ly nén dat, 1a mot giai phap sir dung
cac phan tir dang phéu vat liéu composite
duoc lap day bang bé tong két hop véi vat
liéu roi nham tang kha ning chiu tai va giam
d6 1un cta nén dat do phan bd lai tng suét
tap trung tir ngoai luc tac dung hay lam suy
giam tng sudt tai ddy mong [4, 8]. Viéc Gmg
dung 1y thuyét dan hoi tuyén tinh (mé hinh
dan hodi) s& khong phan anh chinh xac su
lam viéc thuc té cua nén dit yéu, nén dat
duoc gia cd thém phéu bé tong, khi d6 phai
tinh dén sy 1am viéc phi tuyén cua tong thé
nén dat va sy trong tic gitra cac pha vat liéu
cau thanh nén dat gia c6. Xy dung mo hinh
ly thuyét cho nén Top-base nham 1am 15 co
ché phan b tai trong, dé xuit cong thirc tinh
14n cai tién va kiém ching bang mé hinh sb
nhdm so sanh hiéu qua lam viéc cua nén dat
khong gia cb, dugc gia cd mot 16p Top-base
va gia ¢b hai 16p Top-base theo hudng
nghién ciru dé xuat.

2. NENDPAT GIA CO TOP-BASE -MO
HINH TINH TOAN NENPATYEU
2.1. Mé hinh nén dan hdi Winkler va
nhirng han ché

M5 hinh nén 12 mé hinh co hoc md
ta tinh bién dang cta nén dat dudi tac

dung cua ngoai lyc. M6 hinh nén Winkler
duoc biéu dién bang mot hé théng 10 xo
dat thing dung, dai bang nhau 1am viéc
doc 1ap voi nhau (Hinh 3) [2]. Bién dang
ctia 16 xo (dic trung cho do lun cua nén)
ty 1& bac nhit voi ap luc tac dung 1én 1o
x0. Theo md hinh nay, chi nhiing 10 xo
nam trong pham vi phan b tai trong moi
¢6 bién dang. Do d6, md hinh nay con c6
tén 12 mo6 hinh nén bién dang cuc bo.
q
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ERRRRRERE

o I I

x

Hinh 3. M6 hinh nén dan hdi Winkler [2]
Nén dit trong mo hinh Winkler
dugc mo6 phéng bdi cac 10 xo doc lap,
phan bd lién tuc va phan tng nén tai mot
diém chi phu thudc vao chuyén vi tai
diém d6 ma bo qua tuong tic gira cac
diém trong dit nén. Thuc té chuyén vi
ctia diém nay tao ra viung anh huong dén
chuyén vi cta cac diém khac 1an can.
Phuong trinh co ban cia moé hinh
Winkler:
p(x) = kw(x) 6]
Trong do:
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p(x): ap luc phan tng cua dat nén tai vi
trix;

k: hé s6 nén (modun nén Winkler);

w(x): chuyén vi diung cia két cu
mong tai vi tri xac dinh x.

Phuong trinh co ban cua moé hinh
Winhkler ta thay ap luc va do lun 1a mdi
quan hé bac nhét, tuy nhién ban chét dt nén
khong phai 1a vat liéu dan hoi tuyén tinh. Do
do, dé ap dung dugc h¢ s6 nén Winker c6
dién trong thiét ké nén méng thi dam bao dat
nén dudi ddy méng con trong mién dan hoi.

Nén dat yéu va nén dét co gia cd bing
cac vat li¢u ngoai s€ tao nén nhirng nén dat
khong dong nhit va lam viéc phi tuyén.
Thuec té chuyén vi ctia diém nay tao ra ving

anh huong dén chuyén vi ctia cac diém khac
lan can nén viéc ap dung nén dan hoi vao
tinh toan s& khong con pht hop. Can xét dén
tuong tac gitta cac 16p vat liéu c4u tao nén
nén dat hay ban than nén dat yéu da lam
viéc khong tuyén tinh.
2.2. M6 hinh s6 mé phéng nén dit gia c6
Top-base

Hé nén gia c¢b Top-base duoc ly tuong
héa thanh hé dan hoi gdm ba yéu td: Dit yéu
(yéu t6 nén co ban); phéu Top-base (yéu t6
gia cudng); vt liéu roi (yéu tb trung gian).
Viéc phén tich don 1é cac thanh phan nay
cho phép xem nén nhu mot moi truong
khong dong nhat v6i cac dic trung co hoc
tuong duong[4, 10].

Tai trong P
Mong cong trinh
0
v
ket . .
Hy, + SRR i H,
b5 el ;'- A >
i, | f
z 77 y
v, | \ N
)I H £y
/ s Y P
Piit yéu 7 o, X Gac truyeén img suit CHU THICH
/’ lém nhat A 0= 30° + 45°
] . ——# Hudmg truyén i trong
Z; 4 \\ s/ N ,
/ — \_\ ==== Puimg gidi han ving dnh hi'mg
¥ Giam déin theo N Pruimg diing img suit o,
s A q
7 dé sau \ B, : B ring ving inh buimg tai 40 siu z
" \ b H,, : Chitu cao Topbase
7 s ™~ b M, : Chidu diy lop di dim base
T e s
inf ! \ 0 : Géc truyén img sudt
| B, . o, : Ung sult dimg
I 1

((1( Hl‘- PHAN TA
2. Truyén qua thanh phéu 3. P

-

1. Tai trong tip trung

IRRALRY

N 1'\[( SUAT
hiin tin trong l6p dd ddm

4. Truyén xudng dit yéu
viri img suiit phiin bé ring

W W

i
I
1
|
|
i
|
I
I
|
I
1
I
I
I
1
I
i
|
I
A

s LI
'IS"E‘J e éfg};&u :'-\-.
TN

Hinh 4. So d6 phan b tng suit va viung anh huong dudi khdi phéu Top-base

Gidi phdp gia c6 Top-base mét I6p
cho day mong

Dé mb ta sy phan bd tai trong gitta
cac thanh phan, hé s phan phbi tai trong
n duoc dé xuat. Hé s6 nay phan anh mirc
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d6 tham gia chiu tai cta ting 16p ciu tao
trong hé nén.
El‘ At

— 2
E A +EA, @

77:




Trong d6: E_t: m6 dun dan hoi cia
phéu Top-Base; E;: mo dun dan hoi cua
dat yéu; 4, Aj: dién tich tuong tng.

Do lin téng cia nén gia cd dugc
xac dinh theo:

S=nS,+A=n)S, 3)

Trong d6: Si: do ltn cua vung gia
cuong; Sg: do lin cua dit nén.

Khac voi céac phuong phap tinh
toan thong thuong, phuong trinh dé xuét
khong gia thiét bién dang dong déu va ké
dén su tuong tadc cac 1op vat liéu cAu
thanh nén dit nén co thé dung dé tinh
toan.

Gidi phdp gia cé Top-base hai I6p
cho day mong

Theo ly thuyét phan tich cau tao cua
khéi block Top-base s& gia cb tap trung
tai tim day moéng theo tiét dién giam dan
[9]. Tir co s& phan b tng suat va chuyén
vi cia Top-base mot 16p, ta c6 phuong
trinh cho Top-base 2 16p. Diém can chu y
trong mo hinh nay 1a su giam tiét dién o
cac tang dudi dé tdi vu ung sudt, tiét dién
nay dugc tinh todn theo diing gbc nghiéng
phéu tir cAu tao hinh hoc ban dau.

So d0 co hoc gia thiét: hai ting
phéu nam & d0 sdu z;, zp; moi tﬁ?mg co:
Mo dun dan héi Ey, Ep; dién tich thay thé
Au, Ac.

Nén dit chia thanh 3 16p: 16p trén,
16p giita (gitra 2 tang phéu), 16p dudi. Hé
s6 phan phdi tai theo 16p: Lép 1:

EIAI
" EAYEA

L6p 2 (chiu tai sau khi d3 phan phéi

qua lop 1):

(4)
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E,4,

T EAEA ©)
Co ché truyén tai qua 16p thir nhét:
R‘ =mnP ) (6)
Mot phan tai con lai xudng 16p 2:
Py =(=n)n,P ()
Xubng dét ty nhién:
B =(1-n)1-n,)P (8)

Viéc gia cd Top-base trong nén dat
yéu di tao ra sy phan ting tai trong va
giam chiéu sau tng suat kéo theo sy giam
d6 lun xudng dat ty nhién lam tang kha
nang on dinh cta cong trinh. Tuy thudc
vao do 1on tai trong cong trinh ma dua ra
pham vi b6 tri Top-base va nguyén tic
giam tiét dién theo cac 16p Top-base. Két
qua phan tich co hoc cho két qua tong lun
clia nén dat:

Tong lun: S =S, + S, + S, ).

Trong d6: do lun 16p 1: S, =§ ;

1
do lin 16p 2: S, = k—z ; 40 lun dt dudi gia
2
ch Top-base : S, :ﬂ; Voi: k, :ﬂ (do
k H.

N l

SO

cing 16p tuong duong).
2.3. Mé hinh s6 va kiém ching bai toan
gia co nén mong Top-base

Dé kiém chimg hiéu qua cua giai
phép gia cb Top-base cho nén dét yéu véi
tly bién cac 16p khac nhau so véi nén dét
yéu tu nhién, cic bai toan duoc dua ra
ddng nhit thong sé dau vao cho cac tuy
bién gia cb. Mot phan tich s6 duoc thuc
hién bang phan mém PLAXIS 3D véi céc
truong hop: Nén khong gia ¢, nén gia cd
nhém phéu mot 16p, nén gia c6 nhém
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phéu hai 16p [6, 8, 9]. Viéc tinh toan kich
thude va s6 luong phéu cho bai toan dugc
tinh toan chi tiét trong cac nghién ctru cua
tac gia va dua ra thong sd cu thé cho phan
tich dwa vao thong sé dau vao da thiét
lap. Phan mém Plaxis 3D tinh toan cho
moéng don kich thude 1,6x1,6(m) dudi tai

trong 50 tan (500kN), mo hinh Top-base
mot 16p bo tri 12 phéu, mé hinh Top-base
2 16p 6 lugng 18 phéu vai khoang cach
tdm - tam 1a 0,5m (bang duong kinh
miéng phéu). Pac trung hinh hoc va tinh
chét co 1y cua nén dat yéu va phéu Top-
base [1,4].

Bang 1. Thong sb k§ thuat cua nén dat yéu va phéu Top-base trong mo phong sb

THONG SO PAT YEU
Mo hinh vat liéu Soft Soil (Undrained)
M6 dun bién dang E 8 MPa
Luc dinh khong thoat nudc cu 20 kPa
Géc ma sat trong ¢ 8°
Hé sb Poisson v 0.45
Trong luong riéng y 16 kN/m3
TOP-BASE
M6 dun dan hoi Etb 200 MPa
Hé so Poisson vtb 0.20
Trong lugng riéng ytb 24 kN/m?
Puong kinh miéng trén 0.50 m
Puong kinh miéng dudi 0.30 m
Chiéu cao phéu 0.50 m
So db hinh hoc Ung suét ding (3v) Do lun tong (Uz)

1600

Mong trén nén dat yéu

—_—

—_—

Spa= 0.078(m)

1600
l 500(KN) w

i 500 j 500 j 500 |

Mong gia ¢b Top-base 1 16p
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Hinh 5. M6 phong sb Plaxis 3D cac bai toan gia ¢ mong bang phéu Top-base

0001 ___. ,
R g
-0.02 g
£ 004+
C
=]
8-—0.06- — Khang gia o
0,08 — - Top-base 1 tang
—-- Top-base 2 ting
-0.10 '

4 2 0 2 4
Khodng cach (m)

Hinh 6. Biéu db thé hién d6 lin

theo tdim moéng

Nhan xét biéu d6: nén dét yéu duoc mo
phong trong mé hinh s phan anh dang su
lam viéc thuec té, phi tuyén vaung sut cuc
dai tai ngoai luc tap trung, duong ing suét
thé hién sy twong tac giita cac diém chuyén
vi trong nén dit. Chuyén vi lun cta nén dét
giam theo cac tiiy bién gia cb Top-base 1
16p va 2 16p vai ty 18 giam 1n 40% dén 60%
so mong dat trén nén dat yéu thong thuong.
3.KETLUAN

Bai bao da trinh bay két qua nghién
ctru, phan tich img sut tap trung chi yéu tai
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