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MO HINH HOA NEN PUONG DAN VAO CAU GIA CO BANG HE
COQC XI MANG PAT KET HQP VOI VAI PIA KY THUAT
NUMERICAL MODELLING OF ABUTMENT APPROACH ROAD
EMBANKMENT TREATED BY DEEP CEMENT MIXING COLUMN
COMBINED WITH GEOTEXTILE

? Nguyén Tdn Nguyén
Trung tdm TVGS, Tong cong ty TVTK GTVT (TEDI)

Tém tat: Gia co nén bang hé coc XMP két hop vai DKT (hé GRPS) hién nay dang duroc g dung
réng réi cho dwong dan vao cau vi: Chi phi ré hon so Véi phirong dn san giam tdi, thoi gian thi céng
nhanh hon S0 Vi cdc phwong phap khac nhu giéng cét, bdc tham. Bé xay diung mo hinh cho nén
duong dan vao cau bang phuwong phdp PTHH, cac tai li¢u thuong chi méi mo phong mat cat ngang
dzen hinh tai vi tr| bat loi (dap cao tai mo). Rat it tai lieu md hinh theo phirong doc cau dé md phong
nén dwong va mo cau lam viée dong thoi. Vi vdy, bai bao nay sé nghién cuu van dé trén. Ngi dung
trinh bay: (1) xay dwng mé hinh dwong dan theo phwong doc cau bangphwongphap PTHH, (2) kiém
ching xay dizng md hinh, (3) ing dung vao cong trinh cau IC3 - TP. Can Tho dé so sanh hiéu qud cua
phirong phdp hé coc XMP Vi phwong phép da dwoc sik dung trude dé la giéng cat két hop gia tai.

Tir khoa: Hé GRPS, coc ddt gia ¢é xi méng, dwong dan vao cau, gia cé dia ki thudt.

Chi sé phan logi: 2.4

Abstract: The deep cement mixing column combined with geotextile method (GRPS system) is now
widely using to improve abutment approach road embankment due to lower cost than pile slab
method, and faster construction time more than sand drain or PVD method. To simulate calculation
model by FEM for abutment approach road, some studies normally build calculation model by the
typical section of embankment at unfavourable position (at abutment). There is a little document build
model follow longitudinal to analysis work together between abutment and road embankment.
Therefor, this paper will study above matters, the content includes: (1) how to build a FE model for
abutment appoach road embankment, (2) verification of model, (3) applying the selected model for
IC3 bridge to compare effect of the above treatment method with the sand drain method.

Keywords: GRPS system, deep cement mixing column, abutment approach road embankment,
geosynthetic reinforcement.

Classification number: 2.4

1. Giéi thigu tugng nay thuc té xay ra tai mdé Al dau cau

Khi xay dung cac cong trinh cau _duong
di qua khu vyc dat yéu, tai vi tri tlep glap
giira cau va duong thudng xay ra hai van dé:

Hinh 1.
Lun
léch tai
vi tri
tiep
giap
dyong
dan va
mo cau.

b
‘ CQiu

- Chénh léch @6 10n tai vi tri tiép giap
duong va md cau do mé cau duoc tua trén hé
coc nén c6 d6 ldn nho, trong khi d6 nén
duong khong dugc xir ly s€ ¢6 @6 lan lon
(hinh 1). Vi vay, phai thudng xuyén vudt ndi
ém thuan, dam bao an toan giao thdng. Hién

Go Dua, duong Pham Vian Déng sau hai nim
dua vao str dung.
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- Nén duong dan vao cau chua dugc xu
1y ¢6 d6 1Un 16n, gay ra ap luc ngang cho cac
16p dat bén dudi va gay ra chuyen Vi ngang
coc md cau (hinh 2). Chuyen Vi ngang nay
phat trién lon dan c6 thé gay pha hoai coc,
Iam sup d6 mé cau. Hién tugng nay da xay ra
& cau Ky Ha, Quan 2, TP. Ho Chi Minh.

Hinh 2.
Ap luc
ngang tac
dung l1én coc
do nén
dwong co do
Ian Ion.
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Dé giai quyét vin dé trén, phuong phap
hién nay hay dugc st dung la hé coc XMb
két hop vai BKT (hé GRPS) vi: chi phi xay
dung ré hon so véi phuong phap san giam
tai, thoi gian thi cong nhanh hon so véi cac
phuong truyén thdng: coc cat, bac tham.

Mot sb nghién ctu vé hé GRPS cho thiy
rang co ché truyén luc trong hé d6 1a su két
hop gitra hiéu ung vom, hiéu ung mang cua
vai DKT va su tap trung tng suit 1én dau coc
[1-2]. Tuy nhlen mod hinh trén chi mai xay
dung cho nén duong thong thuong bang cach
moé phong mat cat ‘ngang dién hinh tai vi tri
dap cao bat loi. Rat it tai lieu xay dung mo
hinh theo phuong doc cau dé mb phong nén
duong va mb cau lam viéc dong thoi.

Vi vay, bai bdo nay sé nghién ctu céac
Van dé trén, noi dung trinh bay: (1) xay dung
nén duong dan theo phuong doc ciu bang
phuong phap PTHH, (2) kiém ching md
hinh, (3) 4p dung mo hinh da chon vao cau
IC3 dé tir d6 so sanh hiéu qua cua phuong
phap gia cd bang hé coc XMD véi phuong
phap da sir dung la giéng cét két hop gia tai.

2. M hinh héa dwong din vao cau:

2.1. Chuyén déi bai toan tir 3D vé 2D

Vi bai toan khéng gian 3D c6 s6 luong
phan tir 16n, nhidu sé an nén tac gia chuyén
bai toan 3D vé bai toan bién dang phang 2D.

Coc xi ming dat (XMP): Hang coc
XMBP theo phuwong ngang duoc quy doi theo
phuong phap cua Huang [3]. Theo d6 hang
coc tron XMP duogc quy vé dang tuong coc
c6 chiéu day bang duong kinh coc, modun
dan hdi twong dwong tinh theo cong thirc:

* *
‘. - E,*A, +£1 AVE g
S*A,
Aw: dién tich tuong coc tuong duong; Ap:
dién tich coc XMD; Es, Ep: md dun dan hoi
ctia dét, coc; Eeq: MmO dun dan hdi cua tudng
coc; S: khoang cach coc.

Coc khoan nhdi mé chu: Hang coc
khoan nh0| cling duoc quy Vvé tudng coc. Tai
vi tri md cau dap cao nén gay ra mo men uon
tac dung 1én coc khoan nhoi, nén phan tir tim
(plate) duoc st dung dé md phong, cac théng
s vé& do cimg EA va do cing chéng udn El
xac dinh theo phuong phap Randolph [4]:

E,*I +E, *I
Eeq *1, = P2 = (2)
S
lw: M6 men chdng uon ciia tuong coc; Ip: Mo
men chc}ng uon ‘cﬁa’cog mo; ls: m6 men
chong uon cua phan dat nén.

2.2. Kich thwéc m6 hinh tinh toan va
mat d¢ lwéi PTHH

_ Kich thuéc md hinh: DPugc Xac diph
bang cach xét ham hoi tu do 1tn tai diém gan
bién khi cho kich thudc bién thay doi.

Lu6i PTHH: Duogc xéac dinh bang cach
xét ham hoi tu do 1an 16n nhé’g nén duong khi
cho mat d luéi PTHH thay doi.

2.3. M6 hinh vat liéu

Céc lop dat: Lop dat sét 4p dung theo
mo hinh Modified Cam Clay, vi md hinh nay
xay dung trén co s¢ ly thuyet trang thai toi
han, ung xu phi tuyen thong qua quy luat
tang bén, phu hop véi ung xur cua l6p dat sét.
Lép cat dap nén duong va I6p dat chiu lyc
dugc &p dung theo mé hinh Morh - Coulomb.

_ Vii DKT: Ap dung theo m6 hinh dan
hoi tuyen tinh. Théng s6 dau vao chi c6 do
cang EA, chi chiu kéo, khdng chiu nén.

Mé ciu va cec khoan nhdi: Ap dung
theo m6 hinh dan hoi tuyen tinh va sé kiem
chuang ¢ muc 3.

Coc XMD: mo hinh Morh — Coulomb
duoc ap dung va s€ kiém chung ¢ muc 3.

3. Kiém chitng, lwa chon mé hinh:

3.1. Mé cau: M6 phong 2D cho mé cau
dugc tham khao theo tai liéu [5]. Tac gia
ding PLAXIS 2D dé md phong lai nén
duong din vao cau Brookdale Avenue.

th&i gian (ngay)
o 500 1000 1500 2000 H|’nh 3.
— oo Keét qua
£ . Y
:g 02 x B baibao dé Iun
E -0.4 \{ Toilieu 1 giﬂ"a tai
o Y
§ -0.6 N Ileub[‘S]
2 o {g va bai
‘T~l..-_J_l_! béao.
10

Két qua hinh 3 cho thay do6 10n tinh toan
cua bai bao gan sat vei so ligu trong tai li¢u
[5]. S¢ di co sai s6 1a vi lugi PTHH sir dung
trong bai béo 1a dang min (s6 lwong phan tir
486, kich thugc phan tir 3.46), con trong tai
lieu [5] khong thé hién rd. Tir ¢6, mé phong
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2D 4p dung cho mé ciu la dang phan tir
phang 15 nut, mo hinh 1a dan hoi tuyén tinh.

3.2. Coc XMP va coc khoan nhai:

M6 phong 2D cho coc khoan nhdi va coc
XMD dugc tham khao theo tai li¢u [6]. Tac
gia dung PLAXIS 2D d€é mo phong lai nen
duong dan vao cau Tran Thi Ly - Ba Nang.

a4 i
Hinh 4.
- a9 — Keét qua
Ese g™ | i
I i ai
5., glira tal
2 A i
8. W Tailigu[s] bai bao |I_€\U [\6]
- va bai
° i o 0 bao.
Khodng cich ti¥ m& (m)

Két qua hinh 4 cho thay do lun cua bai
bao gan séat véi két qua trong tai liéu [6]. Tu
d6, mod phong 2D cho coc khoan nhdi la dang
phan tir tam, coc XMP 1a dang phan tu
phang 15 nit, mé hinh 14 Morh - Coulomb.

4. Ap dung cho ciu vugt IC3

4.1. Hién trang vi tri dwong dan

Cau vuot IC3-TP.Can Tho nam trén
QL1A, la ctra ngo vé céc tinh Soc Tring, Bac
Liéu (hinh 5). Buong dan vao cau dai L =
60m, chiéu cao ddp tai md Hasp= 3m. M4 cau
BTCT M350, coc khoan nhdi $1000, chiéu
day 16p dat yéu D1 = 25m. Coc XMPD duong
kinh ¢800.
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4.2. Théng sb vat liéu:

Bdng 1. Thong sé vt liéu cho céc lop dat va két cau.

STT Lép dat/ két cau M6 hinh

Théng s6

1 Cat dip nén duong Morh - Coulomb

E = 9x10%kN/m?, ¢ = 19.25 KN/m?, ¢ = 0,v=0.3,y =
19 kN/m3, ’Ysa[: 195 k'\l/m3

2 Sét mém ModifiedCam Clay

v = 14.6KN/m?, ysa = 15 KN/m?3, % = 0.209, « = 0.032,
M = 0.566, ¢ = 5°, ¢ = 14.68kN/m2, v = 0.3, &o =
2.1160

3 L6p dét chiu luc Morh- Coulomb

E = 17.5x10° kN/m?, ¢ = 12.8 KN/m?, y = 2°, @ = 30°,
v=0.3, y= 18 KN/M?, ysa = 19 KN/m®

M& cau Linear Elastic

E = 20x10%kN/m?, v =10.2

5 Vai BPKT Linear Elastic

EA =2000kN/m

6 Coc XMD Morh- Coulomb

E =5.87x10* KN/m?, ¢ = 80kN/m?, y =0, ¢ =30, v =
0.22, y = 23 kN/m?

7 Coc mb Linear Elastic

EA =5.23 x10%kN/m, El = 8.72x10% kN/m

4.3. Kich thwéc mo6 hinh, lwéi PTHH

Bién trai: Két qua hinh 6 cho thay khi
bién trai thay dbi thi do I0n tai vi tri dau
duong dan hoi ty dan vé AS=168mm. Nén
bién trai md hinh dugc chon la L=30m.

= Hinh 6.
E 60 50 40 30 20 10 7

E s Moi quan
$ an hé giira
- bién trai
3 mo hinh
Fla va dé lan
D 85 Vi tri dau
£ -190 duong

2 dan (dinh
b -195 ’ A

o lop dat

khoangcach bién tréimé hinh (m)

yéu).

Bién phai: Hinh 7 cho thay do 10n tai mép
trén bé mo hoi tu dan vé AS = 131mm. Nén
bién phai m6 hinh dugc chon la Lp=20m.

_ 50 40 30 20 10 0 Hmhj'
E -125 Moi
E quan h¢
€ 130 gira
& bién
£ ass ' phai md
- AS=131 hinh va
e s 1an vi
8 145 tri mép
khodngcach bién phai mé hinh (m) trén bé
mo

Chiéu sau md hinh: Hinh 8 cho thay d¢
IUn ctia mai coc khoan nhoi hoi tu dan vé AS
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= 126mm. Nén chiéu sdu md hinh duogc chon
laD2=14m.

10 11 12 13 14 15 16

E oy Hinh 8.
B Moi quan
E -100 hé‘g”}a
4 chieu sau
£ .10 4 md hinh
g va dé 1in
iS5 -120 4 tai mui
E

5 coc khoan
2 130 L— R nhéi.
= Chigu sdumd hinh{m)

Chon lwéi PTHH: Két qua hinh 9 cho
thay khi mat d6 luéi PTHH thay d6i thi do
IGn 16n nhat caa nén duong hoi tu vé gié tri
AS=1590mm. Tu do, mat do ludsi PTHH
dang min duoc chon.

Thd  Trungbinh min ratmin
(157)  (281)  (486) (652)

Hinh 9.
Méi quan
hé giira
do lun lon
nhat nén
dwong va
mat do
ldi
PTHH.

-1580 7

-1580 -7

-1600 +

06 ldun {mm)

-1610 +

-1620 -

Mat do phan tir /(56 phan ti)

Tir két qua phan tich trén, bién mé hinh
duoc chon lan luot 1a; Lt = 30m, Lp = 20m,
D2 = 14m. Mat d6 lugi PTHH la dang min
duoc chon. Md hinh hoan chinh cho nén
duong dan vao cau IC3 nhu hinh 10.

Tai trong két ciu phan trén cau duoc quy
dbi vé luc tap trung F = 311.98kN dat tai gdi
cau. Coc XMD duoc b tri theo 3 ving: AB
(2.4<H<3) 1& a=1.8m, BC (1.8<H<2.4) I
a=2.0m, CD (H<1.8) la a=2.2m.
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Hinh 10. M6 hinh hoan chink dwong dan vao cau IC3.
4.4. Sirc chju tai cia nén dwong:
Sic chiu tii ciia coc XMP: Ung suat
I6n nhat tac dung 1én coc XMD tinh dugc la

oyy = 723.28kN/m?, nén coc XMP chiu tai
trong 16n nht 1a Qcol = Ap*oyy = 363.37kN.

I ‘y‘ F [
I [

Hinh 11. US phdp 6y, nén dwong sau khi gia cé
(USmax tac dung 1én coc XMD oy =723.28kN/m?)
Strc chiu tai theo dat nén cua coc XMP duoc

xac dinh theo cong thirc cua Bergado:

Qultsoil = (ﬂchol + 2257Zd 2)Cusoil (3)

d, Leo: Budng kinh, chiéu dai coc XMD;

Es, Ep: M6 dun dan hdi cua dét, coc;

Cusoil: Strc khang cit caa dat nén.
Két qua tinh dugc Quisoil = 988.28kN, lay hé
s6 an toan Fs = 2.5 theo Bergado — Quitsoil/Fs
= 395.31kN > Qcol = 363.37kN, Vi vay coc
XMD dam bao dieu kién chiu luc.
Khé ning chiu lyc ctia lép dat bén dudi:
Ung suat lén nhat gay ra cho I6p dat bén
dudi dau coc XMP 2 oyy = 356.75 kKN/m?,
Stc chiu tai cua 16p dat bén dudi khoi mong
dugc tinh theo céng thic caa Terzaghi:

R, =% BN’ +HN" +eN', (4)

N’y, N’g, N’c: Hé s6 phu thudc vao goc noi
ma sat ¢ cua l6p dat bén dudi khdi mong;
B, H: Bé rong, chiéu sau khéi nén gia cb
Két qua tinh duoc Ran=18439 kN/m?, lay hé
s6 Fs=2.5—>Ran/Fs =7375>cyy = 356.75kN/m?
nén lép dat bén dudi dat yéu cau chiu hyc.
4.5. P 1Gn nén dwang sau khi gia cd
Do 1Gn 16n nhit tinh toan duoc Ia
AS=18.8cm < [AS]= 20cm (thoa man yéu cau
quy trinh 22TCN 262-2000).

Hinh 12. D¢ lGn Ién nhat nén dwong AS=188mm.
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4. So sénh hiéu qua cia phwong phap
gia ¢6 nén bang hé coc XMP véi phuong
phap giéng cat da xir dung truée do

Céu vuot IC3 da duoc thi cong va khanh
thanh vao thang 9 nam 2013. Theo thiét ké
thi nén duong dan vao cau duoc gia ¢ bang
giéng cat @400 két hop véi dap gia tai cao H
= 3.8m trong vong 3 thang.

Bdng 2. So sanh vé mat ky thugt va kinh té.

Ph hap gia c6 nén
Chi tiéu so TomepupeE 01
STT | “sanh | Coc XMD két | Gieng cat +
hop vai DKT | giatai trudc
1 | Bolm ) As-1g8 AS=19
(cm)
Chi phi
2 (VND) 6,830,350,700 | 6,796,470,000
g | Thoidiem | Céthedap | Doicoket3
dap nén ngay thang

So sanh vé mat ky thuat: vai cach bo
tri coc XMD nhu ¢ muc 4.3 cho thay ring do
ln khi gia c6 bang hé coc XMD 1a twong
duong véi phuong phap giéng cat, va déu
thoa man AS< 20cm (22TCN262-2000).

So sanh vé mit kinh té: d tinh chi phi
gia ¢b nén bang coc XMP, tac gia dung don
gla Cua cong trinh tuong tu, con don gia gia
cd nén bang giéng cat da c6 san trong du
toan cua dy an IC3. Tir bang 2 cho thiy:
phuong an coc XMD c0 chi phi xay dung I6n
hon 0.5% so v&i phuong an giéng cat. Tuy
nhién, xét vé téng thé thi phuong &n coc
XMBD kinh té hon vi: ¢d thé thi cong dap nén
ngay sau khi thi cong coc XMD, trong khi do
phuong an gleng cét phai doi 3 thang cho nén
duong cb két nén ting thém chi phi quan Iy.

5. Két luan

(1) Bang tinh toan va kiém chung két
qua, tac gia giai thiéu cach thuc xay dung mé
hinh nén duong dan vao cau bang phuong
phap PTHH, theo do:

+ M0 cau duge mo phong 2D béng phén tur
phang 15 nut v6i mo hinh dan hoi tuyen tinh.
Coc mé cau dugc md phong bang phan tir
tam (plate), mo hinh dan hoi tuyén tinh. Coc
XMBD dugc md phong bang phan tir phang 15
nat vai mo hinh Mohr - Coulomb.

+ Kich thuéc mé hinh bai toan dugc xac
dinh bang cach xét ham hoi tu @6 Iin cua
diém gan bién. Khi ap dung cho cong trinh

cau vuot IC3 thi cac kich thudc dugc xac
dinh lan luot 12: bién trai Lt = 30m, bién phai
Lp = 20m, chiéu sdu md hinh la D2 = 14m.

+ Mat 36 ludsi PTHH ciing duoc xac dinh
bang cach xét ham hoi tu do 1Gn 16n nhét nén
duong. Khi ap dung cho cdng trinh cau vuot
IC3 thi mat d6 luéi PTHH la dang min (fine)
duoc lya chon.

(2) So sanh hi¢u qua giita phuong phap
gia ¢b nen bang hé coc XMP Vvéi phuong
phép gleng cat trong diéu kién duong dan
vao cau IC3, cho thdy nhiing van dé sau:

+ V& mat ky thuat: d¢ 1Gn coa hai phuong
phép la twong duong dwong nhau va déu thoa
man AS < 20cm (22TCN262-2000).

+ V& mit kinh té: Phuong phap coc XMD
co hi¢u qua kinh té cao hon so v6i phuong
phap giéng cat vi: (1) chi phi xay dung khong
chénh léch nhiéu so voi phuong phap giéng
cat két hop, (2) day nhanh tién do thi cong,
c6 thé thi cong dip nén ngay sau khi thi cong
xong coc XMD ma khong can doi nén cb két.
Nén day ciing 1a mot goi y tham khao dé ap
dung cho cac cong trinh trong tull

Tai ligu tham khao

[1] Nguyén Tuin Phuong, V5 Phan, V3 Ngoc Ha (2014),
Xdc dinh hé so tap trung umg sudt dau coc trong gidi
phap xit Iy nén duong bang coc BTCT két hop véi vii
DKT, tap chi va tuyén tap hoi nghi truong dai hoc
Thuy Loi s6 44.

[2] Nguydn Tuin Phuong, Chdu Ngoc An, V& Phén
(5/2011), Phan tich #ng xir cia lép dém cat két hop
V6i vai PKT trén dau coc trong nén nha xwéng chiu
tai phan bd déu, Tuyén tap KHCN - Vién khoa hoc
thay loi mién nam s6 11.

[3] Huang, J. (2009), Coupled mechanical and hydraulic
modelling  of  geosynthetic-reinforced  column
supported embankment, PhD Thesis, Department of
cilvil, Envoromental and Architectural Engineer,
University of Kansas.

[4] Randolph MF. Pilot (1981), study of lateral loading
of pile due to soil movement caused by embankment
loading, Report for the Department of Transport
(HECB).

[5] Alper Turan, Tony sanguiliano (2013), Lateral
movement of abridge abutment due to compressible
foundation soils, Seventh International conference on
case histories in geotechnical enineering.

[6] Pham Anh Tuan (1/2016), Numerical analysis of piled
foundation reinforced with geosynthetics to support
construction  of  full-height bridge abutment,
International Jounal of Engineer, volume 7, issue 6.

Ngay nhan bai: 28/12/2017

Ngay chuyén phan bién: 2/1/2018
Ngay hoan thanh swa bai: 23/1/2018
Ngay chip nhan diing: 30/1/2018






