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Toém tat - Trong bai bao nay, mét mé hinh sé dwa vao phwcng
phap phén t& hiru han (FEM) duoc st dung dé phan tich ng x(r
dén (ng xt cia nén ddp lén nén dat yéu co st dung coc bé téng
cbt thép (BTCT) két hop vai dia k§ thuat (GRPE). Ca hai phuong
phap s6 2D va 3D véi phan mém PLAXIS 2D and PLAXIS 3D
Tunnel déu dwoc st dung dé phan tich ng xr ctia khdi GRPE ca
trong va sau khi xay dung. Anh hwéng chiéu cao khéi dép H toi
(ng xt cla khdi GRPE déc trwng béi (ing suét thang dirng trong
khéi dat yéu os, do ltn léch AS, hé sb tap trung trng suét n sé duwoc
thao luan trong nghién ctru ndy. K&t qua nghién ctru 1a bai hoc kinh
nghiém cho céc ky sw thiét k&, nha nghién ctru khi thiét k&, nghién
ctu tng dung gidi phap GRPE trong x( ly nén dat yéu.

Tir khéa - coc; chiéu cao khéi dap; khéi dap; d6 Itn; phuong phap
phan t&r hiru han

1. Pat van dé

Reid va Buchanan (1984) da sém st dung hé coc BTCT
dé truyén tai trong nén dat ddp xudng tang dét tSt bén dudi
(Conventional Pile Supported - CPS), sau d6 phat trién thanh
giai phap coc BTCT két hop san giam tai (Piled with Concrete
Slab — PCS). Dé hoan thién hon, Hewlett va Randolph (1988)
va Han and Gabr (2002) da sir dung giai phép coc BTCT két
hop vai dia ky thudt trai trén dinh coc (Geosynthetic
Reinforced Piled Embankment - GRPE) - Hinh 1.
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Abstract - In this paper, a numerical model based on the finite
element method (FEM) is used to analyse the behaviour of piled
embankments on soft soils reinforced with geosynthetic (GRPE).
Both 2D and 3D numerical methods (PLAXIS 2D and PLAXIS 3D
Tunnel respectively) have been employed to investigate the
behaviour of piled embankments during and after construction.
The influence of embankment height H on the performance of
GRPE like vertical stress on soft soil, differential settlements,
stress concentration ration has been introduced in this work. The
results of the study are lessons for design engineers and
researchers in designing and researching application of GRPE
solutions to soft soil.

Key words - pile; embankment height; embankment; settlement;
finite element method

Heé thdng coc bé tong cbt thép két hop vai dia ki thuat
GRPE 1a mot loai méng hén hop. Co ché truyén tai dua
trén su két hop cua hiéu ing vom do hién twong tap trung
ung suit dua trén su khac nhau vé do cung gitta coc va dat
yéu, hiéu tmg mang dua trén kha nang chiu kéo cia vai dia
ky thuat va strc chiu tai ciia coc bé tong ct thép.

Thiét ké GRPE la giai quyét bai toan phue tap lién quan
gitra dét — két chu va can giai quyét van dé nhu khéi dat
dap, vat li¢u dia k¥ thuat, hé coc, va dac biét la nén dét yeu
theo két qua nghién ciru ciia Love va Milligan (2003).

Hién nay, ca phuong phép 1y thuyét va phuong phap sb
déu dugc ding trong thiét ké GRPE. Céc tac gia nghién ctru
c6 thé ké dén nhu Terzaghi (1936); McNulty (1965);
Carlsson (1987); Hewlett va Randolph (1988); BS8006
(1995); va Zaeske and Kempfert (1997).
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Hinh 3. Thiét ké GPRS tai vi tri béi do xe theo IGW (Biic)
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I —_ EEE gm- 16p cat min sang lap
[ ¢HI - 16p sét 1an hiru co,
| trang thai déo mém
[0 ¢cH2 - 16p sét phu sa,
trang thai nhao
Ezz4 CL1 - lép sét phu sa pha cat.
trang thai déo cung
1 cH3 - 16p sét, wang thi nhio

I 9 3 CJcua- 16p sét phu sa pha,
| 7 7 trang théi cimg

7 B crs - 16p sét phu sa pha cat,

trang thdi cimg.

Hinh 4. Mt cdt dia chat cong trinh tqi vi tri nghién ciru

Phuong phép s6 duoc st dung phd bién dé mo phong
g xir ctia khdi GRPE gdm c¢6 phuong phap sai phan hiru
han (finite difference method - FDM), phén t&r hitu han
(finite element method - FEM). Trong d6, phuong phap
phén tir hitu han (FEM) bao gdm ca mo hinh hai chiéu (2D)
va ba chiéu (3D) déu duoc st dung rong rii trong thoi gian
gin day. Tiéu biéu c6 nhom tac gia Bergado va
Teerawattanasuk (2008), da dung phuong phap phan tir
hiru han de md phong tng xir mot khoi dap dat c6 cot trén
nén dat yéu bang ca hai chiéu va ba chiéu, két qua nghién
ctru theo hai mé hinh nay cho két qua tuong dong v6i nhau.
Slaats (2008) khi khao sat ing xu cua kh6i GRPE nhan
dinh rang, két qua thu dugc bang phuong phap phan tur hiru
han v&i bai toan (g suit phing va bai toan ba chiéu ciing
thu dugc két qua tuong ty.

Trong nhitng nim gan ddy, giai phap gia cb nén dat yéu
bang hé coc bé tong ct thép két hop vai dia ki thuat duoc
mg dung rat nhidu tai Viét Nam, tiéu biéu 1a cong trinh
Metro Hung Loi, Can Tho. O Viét Nam cling c6 mot sb tac
gia nghién ctru vé van d& nay nhu Nguyén Tuin Phuong
(2014), da phan tich tng xir cua 16p cat dém két hop vai
dia ky thudt trén du coc theo phuong phap phap phan tu
hiru han 2D, gitp ngudi thiét ké chi y ¥ dén su tuong quan
giita khoang cach coc va chiéu cao dip hop 1y khi thiét ké
nén theo phwong phap nay.

Surcharge A

Surcharge

Fill R

osyntheti

Soft soil

Pile, w&

(b)

Hinh 5. (@) M6 hinh nghién ciru GRPE (2D),
(b) M6 hinh nghién ciru GRPE (3D)

Tuy nhién, van chwa c6 tic gia nao nghién ciru mot
cach déy du va dac biét so sanh sy khac biét khi mo phéng
{mg xr cua hé coc BTCT, dat yéu, vai dia ki thuat bang
phuong phap phén tir hitu han theo ca hai mé hinh hai chiéu
va ba chiéu.

2. Phuong phap nghién ciu

Dua vao md hinh nghién ctru véi cac thong sé dau vao,
mo hinh dugc sir dung theo khuyén cdo cta Zacke (1997),
s6 liéu dia hinh, dia chat cua cong trinh thuc té 1a Metro
Hung Loi - Can Tho, dit liéu quan tréc 1an cta nha thau thi
cong IGW (Birc). Mot m6 hinh s0 dwa vao phuong phap
phén tir hitu han theo ca hai m6 hinh hai chiéu va ba chiéu
dugc sir dung dé phan tich ing xir dén (g xir cua nén dép
1én nén dat yéu co sur dung coc bé tong cbt thép két hop vai
dia ky thuat (GRPE), thé hién qua phén tich anh huong cua
ch1eu cao khoi dép h t6i ung suét thang dung trong khoi dt
yéu o5, @6 1an 1éch AS, hé s6 tap trung g suit n, s& dugc
phén tich trong nghién ctru nay.

3. M6 phéng bang phwong phap phin tir hitu han
3.1. Vi tri nghién ciru

Vi tri nghién cru 14 tai bai d6 xe 6 t cia Metro Hung
Loi, Can Tho, véi két cau thé hién & Hinh 3. Coc str dung
c6 duong kinh D = 300 mm (B20), khoang cach coc
$ =4.000 mm, mii coc c6 kich thudce 1.500X1.5QOX3OO mm,
phia trén 1a hai 16p vai dia k¥ thudt va 16p cat dam chat day
500 mm, 16p da (0x40mm) day 270 mm, 16p da 16t day
250 mm, 16p BTCT (B25) day 180 mm.
3.2. M6 hinh céng trinh véi phan mém Plaxis 2D, 3D
3.2.1. M& hinh tinh toén trong 2D va 3D

Thong s6 dau vao md hinh duoc sir dung theo khuyén
cao cua Zaeke (1997).

Céc ty 18 kich thuéc can xem xét theo Zaeke (1997)

dugc khuyén céo nhu sau:
Kich thudc mii coc _a_ 1;5 _
Puong kinh coc
Bing 1. Thong sé mé phéng mé hinh tinh todn
trong Plaxis 2D, Plaxis 3D

Théng s6 md phong h'i?:l Pon vi Gia tri
Chiéu cao dét dip H| m 1;,1,2;2;3:4
Khoang céach giita cac coc| S m 4
Kich thudc mii coc a m 0,45;0,6;0,9;1,2;1,5
Hoat a | kume |05 10,20, 40,60, 60,
Puong kinh coc d m 0,3
Chiéu dai coc L| m 28
Bé& day mii coc t m 0,3

Kich thuéc miicoc _a

————— —0,375 (>0,15)

Khoéng cich coc S
Khoéang céch coc - kich thudec mii coc = s-a
=4-15=25(£2,5)
ssa=4-15=2,5>1,4H=1,4x1,2=1,68 (s-a < 1,4H)
E... 3000

=——=456 (>100)
Edat yéu 6575

M5 hinh tinh todn 2D va 3D duoc thé hién & Hinh 5
trong Plaxis. Theo d6, mé hinh dugc md phong véi phin
tir coc 1a phan tir dam, vai dia k¥ thuat 1a phan tir geogrid,
tuong tac dat va coc 1a phan tir interface. M hinh dan déo




78

Lwong Nguyén Hoang Phwong, Phan Tran Thanh Tric, Lé Ba Khanh

Mohr - Coulomb va Linear Elastic 1an luot duoc sir dung
cho phén tir d4t va coc. Ung xir cia hé GRPE trong giai
doan thi cong va sau khi c6 két 7 thang dwugc quan tam
trong nghién cru nay.

Bing 2. Théng sé dat nén theo mé hinh Morh — Coulomb

oz Tw Ky ky o ¢ | Eoed )
L6p dat |, \mey(mingayXmingay)kN/ma)@d)knima) ¥ [
Pat dip 19 | 01 | 005 | 1 |30]7.500 0,25
iﬁf‘ém 16,57 |1,849¢-4|1,037¢-4| 14,6 |59 6575 [0.278/ 0.8
iﬁghﬁo 15,04 |0,713¢-4[0.475e-4| 1 |2,2| 5038 [0,270{0,8
gffldéo 16,86 |1,849¢-4|1,037¢-4| 16,4 |6,1| 6741 [0.2750,8
iﬁgh""o 16,18 |0,713¢-4(0,475¢-4| 14,8 |4,6| 6255 (0,279 0.8
gﬁfhecat 1875| 01 | 005 | 356 |157 1812 0,290 08
Sétphacat| 19 | o1 | 005 | 487 |215 2.724 0,292
cL2
Bing 3. Thong sé vai dia ky thudt
Tén EA (KN/ m) v
Vai dia ky thudt 3.000 0,17

4. Két qua thao luin

Nghién ctu anh huong cua chiéu cao khéi dat dip tsi
ung Suat thang dung trong khéi dit yéu o, do lan léch AS,
hé s6 tap trung ng suit cua n véi cac thong s6 dau vao thé
hién ¢ Bang 1, 2, 3.

V6i mdi chiéu cao khdi dip H = 1; 1,2; 2; 3; 4 m, ting tai
trong ngoai tur 0, 5, 10, 20, 40, 60, 80, 100, 120, 150 kN voi
khoang céch coc duoc giit khong dbi s = 4 m dé xem xét anh
hudng cua chiéu cao khdi dép H toi tng xir cua GRPE thdng
qua phan mém phan tir hitu han Plaxis 2D va Plaxis 3D.

Do lan Iéch duge dinh nghia la khoang chénh Iéch d6 lin
gitra d6 10n tai vi tri dinh mli coc va d6 14n gitra nhip duoc
xac dinh tai vi tri day cua khdi dét dép.

Hinh 6 (a, b); 8 (a, b) cho thdy do Itn léch AS va ting
sudt thing dung trong khéi dat yéu os s& gia ting vdi cac
xu huéng khéc nhau khi ta ¢é dinh khoang cach giira cac
coc s = 4 m, va tién hanh gia ting tai trong tir 0 kN téi
150 kN. B Itn léch AS va ing suat thang dimng trong khdi
d4t yéu os s& gia ting nhanh chong khi chiéu cao khéi dép
tang tir 1 m dén 2 m va hau nhu khong thay d6i khi gia ting
chiéu cao khdi dép tir 3m dén 5m. Ly giai diéu nay lién qua
tGi hiéu ang vom thé hién ¢ Hinh 9.

Viéc hinh thanh higu tng vom c6 thé xac dinh mot cach
truc quan, khéa chinh xac, dya vao md hinh thé hién tng
suét chinh trong Plaxis 2D.

Ngoai ra, két qua nghién cau cho thay d6 1tn léch AS
va (rng suét thing dung trong khdi dat yéu o thdng qua
Plaxis 2D, Plaxis 3D c6 cing xu huéng khi gia ting chidu
cao khéi dép. Két qua thu duoc thong qua Plaxis 3D ludn
cho gié tri Ién hon so vai Plaxis 2D trong tt ca cac trudng
hop nghién cau.

Céc gié tri d6 10n léch AS va g suét thing ding trong
khéi dat yéu os tang rt it khi hiéu tmg vom d hinh thanh va
va tang manh khi hiéu ing vom chua hinh thanh (Hinh 9).
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Hinh 7. D thi lién h¢ gida tdi trong g (kN), hé s6 tap trung iing
suat n, va chiéu cao khoi dap H (m)
(Truong hop: s =4 m) théng qua: (a) Plaxis 2D, (b) Plaxis 3D
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Hinh 9. Hiéu iing vom trong dat itng véi chiéu cao khoi ddp
khac nhau trong Plaxis 2D
(Truong hop: s =4m): (@) H=10m,(b)H=12m,
C)H=2m,(dH=4m

Két qua nghién nay ciing tuong tu két qua nghién ctu
ctia nhiéu tac gia nhu Russell va Pierpoint (1997), dua vao
phuong phép sai phan hiru han 3D ciing nhan dinh rang d6
1Gn léch va @6 1Gn 16n nhit caa coc ciing nhu lyc cing cua
vai dia s& tang khi gia ting chiéu cao khdi dap.

Heé s6 tap trung wng suit

Hé So tap trung wng suit n dugc dinh nghia la ty ¢ sb gitra
(g suat trén mii coC VA &ng suét trong kh01 dat yéu dudi
I6p vai dia. Hinh 7 (a, b) di chi ra rang, hé s tap trung ung
Suat n s& gia tang khi tang chiéu cao khoi. Plaxis 3D lap lai
nhitng dic diém cua hé sb tap trung (ng suét vai chiéu cao
khéi ddp duoc cho bai Plaxis 2D. Tuy nhién, Plaxis 3D cho
gid tri cao hon so vai Plaxis 2D.

Ly giai diéu nay that rd rang khi gia ting chiéu cao khéi
dap thi s& gia tang tai trong truyén vao coc. Két qua nghién
ctru nay ciing twong tu két qua nghién ctru cua nhiéu nhém
tdc gia nhu Han va Gabr (2002); Ganggakhedar (2004)
thong qua phuong phap phan tir hiru han 2D va phuong
phép sai phén 2D.

5. Két luan

Phan tich va thiét ké coc BTCT két hop vai dia ky thuat
trai trén dinh coc doi hoi sy hiéu biét sau tmg xir ciia md
hinh nay dé chon duoc - phuong phap tinh hop ly. Dua trén
thiét ké cua IGW va két qua quan tric sau 7 thang, c6 thé
két luan nhu sau:

Do Itn 1éch va tmg suit trong khéi dat yéu s& gia ting
khi gia ting chidu cao khéi dap. Két qua nay thu dugc ¢ ca
Plaxis 2D va Plaxis 3D cho gi4 tri 16n nhét trong tat ca
truong hop nghién ciu.

e Hiéu ung vom trong khéi GRPE c6 thé quan sat mot
céch tuong minh dya vao phuong phap phan tir hitu han
FEM dua vao Plaxis 2D va Plaxis 3D, thong qua khao sat
gié tri ing suét trong khdi GRPE.

e Gia tri d6 1an 1éch va tng suét trong khdi dat yéu dua
vao FEM 2D va FEM 3D déu c6 xu huéng ting nhanh
chong khi chua hinh thanh hiéu Gtng vom va tang cham lai
khi hiéu tng vom da hinh thanh.

e Khi gia tang chiéu cao khéi dép, hé sb tap trung tng
suét n ta thu dugc & FEM 3D (Plaxis 3D) cao hon so véi
FEM 2D (Plaxis 2D).

6. Kién nghi

Can nghién ctru thém anh hudng khoang cach giita cac
coc, cuong do clia vai dia k¥ thuat dén ang xu cua khoi dat
dap 1&én nén dat yeu co6 st dung coc bé tong cot thép ket hop
vai dia ky thuat.
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