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Tém tit. Bai béo trinh bay mot phuong phap du bao dé 1tn cho cong trinh duong trén nén dét yéu c6 gia
¢d bac tham, trong d6 phuorng trinh du bao lin dugc dé xuat dya vao sy thay doi do can thim cta béc thAm
theo thoi gian. Dya vao 101 giai giai tich, mdi quan hé giita d6 can thim vdi thoi gian dugc d& xuat. Sau do
mdi quan hé nay s& duoc kiém chimg qua két qua ctia sy giam kha niang thoat nudc trong thi nghiém cu thé.
Trén co s6 d6 phuong phap du bao d6 lun va duong cong lin theo thoi gian s€ dugce dé xuat va kiém chung
bang két qua quan trac hién truong cho mot cong trinh cu thé. Két qua cho thiy riang phuong phap dy bao
lan d& xuat cho két qua phu hop véi ket qua quan trac. Tur do kién nghi st dung phuong phap dé xuat dé
du bao lan cho cong trinh dudng trén nén dat yéu duoc gia cd biang bac tham.

Tir khéa. Bic thdm, nén dat yéu, d6 can tham, lan, c6 két.

SETTLEMENT PREDICTION OF PVD-IMPROVED GROUND WITH TIME
DEPENDENT WELL RESISTANCE

Abstract. This paper presents a new settlement prediction method of PVD-improved soft soil ground, in
which the equation of settlement prediction method is proposed based on the time dependent well resistance.
Based on an analytical solution, a time factor-well resistance relationship is established. This relationship
is then verified through large sample consolidation test. The new method for settlement prediction is
proposed based on the time factor-well resistance relationship. The proposed method is applied to a test
embankment. The proposed method provided a good agreement with field data. It is suggested that the
proposed method in this study can be used to predict settlement of PVD-improved ground under
embankment.
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1 GIOI THIEU

Du béo lun ¢ két ciia nén dat yéu dudi nén duong ludn 13 van dé kho khan va thach thirc khong nho trong
nganh dia ky thuat xay dung [1-6]. Dac biét khi cOng trinh duong xay dung trén nén dat yéu co bé day 16n
duogc gia cd vat liéu thoat nude nhu bac tham, coc cat, viéc dy bao lun con ton tai nhidu kho khan [7- 8].
Viée str dung nhiing 101 giai tich dé du bao lan cho nén duong doi khi khong hiéu qua vi ching chira nhiéu
thong s6 khé co thé xem xét hét trong phuong phap giai tich [9]. Dleu nay co thé 14y vi du tai cong trinh
céi tao tai cita song Nakdong, Busan, Han Qudc, d6 lun va thoi gian co két dwoc danh gia chénh léch dén
200 dén 600% [8]. Su chénh 1éch nay dugc giai thich boi cac thong sb nhu tai trong ngoai, chiéu dai thoat
nuéce, do x4o tron, do can thim cua bac doi khi chua duoc dénh gia chinh xac [7-9].

Trong cac phuong phap du bao lun hién nay, phuong phap dd hoa [9] thuong duoc st dung vi tinh don gian
cta nd. Tuy nhién phuong phap nay thuong cho két két qua thap hon so VGi két qua quan tric va phu thudc
vao sb gia thoi gian duoc chon [8-11]. Phwong phap Hyperbolic dé xuat béi Tan va cong sur [12] clng
thuong dung ¢ Viét Nam, tuy nhién phuong phap nay thuong cho két qua 16n hon két qua quan trac [8].
Nhirng phuong phéap du béo lin thuong duoc sir dung trén thé giGi va Viét Nam va nhuoc diém cta nhimng
phuong phap nay s¢ dugc trinh bay phan sau. Nhin chung nhitng phuong phép nay cé nhugc dlem la ket
qua du bao lun cudi cung chi dira vao di liéu lun do duoc tai mot giai doan thi cong dép trén nén dat yéu
[13]. Nhitng phuong phép nay c6 nhuge diém 1a khong thé xay dung duong cong lun theo thoi gian dya
vao d6 1an cuc han. Vi sy anh hudng cac thong sb nhu d6 can thdm va su x4o tron cua dat do thi cong béc
thim dan dén cac gia tri thu dugc thir phan tich ngugc thuong nho hon cac gia tri thuc té [8].

Trong xy dung duong trén nén dét yéu, viéc dap hay chat tai dugc thuc hién theo giai doan dé dam bao
tinh 6n dinh cua nén duong do cudng do cua 16p dét yéu rat nho. Do d6, dé tang tinh hiéu qua viéc quan 1y
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thi cong duong, can c6 mot phuong phap du bao ltn theo thoi gian dya vao nhiing s liéu quan tric ¢ nhiing
gia doan som hon, so vdi cdc giai doan dap tai cudi cung. Néu do lun du bao theo thoi gian duoce du bao
chinh x4c theo cac gia doan dap, viéc quan ly trd nén hiéu qua, qua do co thé diéu chinh va danh gia thoi
gian dép va chiéu cao ddp sao cho hop 1y [13].

Sy sai léch trong du doan do lun ciing nhu toc do cd két cuia nén dat yéu co gia c¢b bac tham giy ra nhiéu
yéu t6 khac nhau lién quan dén thong s6 dau vao trong tinh toan, trong d6 kha ning thoat nudc ciia bac
dong vai tro quan trong. Trén thuc té, thong sd nay rat kho va hay gia dinh dé tinh toan trong thiét ké [8].
Duya vao két qua thi nghiém vé kha nang thoat nudc cua bac thim duoc thuc hién boi Kim va cong su [14],
kha ning thoat nudc ciia bic giam dan theo thoi gian. Do d6 d6 can tham cung tang theo thoi gian. Piéu
nay gay can tré dang ké dén qua trinh c6 két cua nén dat yéu co gia ¢d bac thim. Tuy nhién, viéc du bao do
lan xét dén dén do can thdm theo thoi gian van con khé khin va hau nhu chua 6 phuong phap thuc hién.
Muc tiéu chinh ctia bai bao nay l1a dé xuit mot phuong phap du bao d6 lin cua nén dat yéu dugc gia c¢b bic
tham véi kha nang thoat nudc thay d6i theo thoi gian. Pau tién, mdi quan hé gitta d6 can tham theo thoi
gian s& duoc thiét 14p dua vao nhing 161 giai tich. Sau d6 mdi quan hé nay s& duoc kiém chimg va phan
tich so sanh vdi két qua thi nghiém cb két cuia khbi dét c6 gia cé bac thém dugc thyc hién boi Kim va cong
su [14] Tir mdi quan hé nay, phuong trinh du bao d6 lun cua nén dat yéu gia cd bac tham s& dugc dé xuat.
Cubi cung phuong phap dy bao dé xuat s& duogc kiém ching danh gia qua dit liéu quan tric ciia cong trinh
cu thé.

2 PHUONG PHAP DU BAO PQ LUN PE XUAT
2.1 Mf')i quan h¢ giira d9 can thAm theo thoi gian
Trong nén dét yéu gia ¢ bac thim, qua trinh cb két trong dat xay ra chu yéu theo phuong ngang [15 17].
Yoshikuni va Nakanodo [15] da phat trién mot phuong trinh ¢6 két theo phwong ngang cta nén dat yéu gia
¢ bac thdm, trong do do can tham dugc xem xét, tuy nhi€n ho bdé anh huong sy xao trén cua dét do thi
cong bac thim. Phuong trinh ¢6 két duoc thé hién nhu sau:

U, =1-ex ,{L} @

F(n)+0.8L
trong do, Un la d§ c6 két theo phuong ngang cua nén dat, T 1a nhan t6 thoi gian theo phuong ngang. F(n)
la he s6 ké dén anh huong khoang cach cua bac tham. L 14 hé sb xét dén anh huong ctia d6 can thim. Nhiing
hé s6 F(n) va L 1an luot nhu sau:
F(n)=In(n)—0.75 (2

32(k \(HY
) <3>

o day, n=d_/d,,, v6i re va ry 1an luot 1a duong kinh ciia ving dat anh huong va duong kinh quy doi cia
bég tham. H 1a chiéu day 16p (ﬁt. Kn va kw 1an luot 1a hé s6 tham theo phuong ngang cua dat nén va hé sb
tham theo phuong ding ctia bac tham. ky dugc tinh nhu sau:

r r kW - qw /APVD ’ I3 I3 X (4)
0 day qw la kha nang thoat nudc cua bac tham va Apyp 1a dién tich mat cat ngang cta bac tham. Chu y rang,
trong phuong trinh (1), T, =C,t/d?, trong d6 t 1a thoi gian va Cp 1a hé s6 ¢0 két theo phuong ngang, duoc
tinh nhu sau:

kh

VM,
¢ day, y,, 1a trong luong riéng cua nuéc va m, la h¢ s6 nén thé tich cua dat nén.
G?%n day, Deng va cOng su [18] mét 16i giai tich dé tinh toan qué trinh ¢4 két ctia nén dét, trong d6 d6 can
tham duogc xem xét voi su thay doi kha nang thoat nude theo thoi gian nhu sau:

_ 8/(agty)
l e agTy
0, =u, (*“o—j (6)

1+,

Ty = )

& day U 1a ap luc nudc 16 rong thing du trung binh trong viing anh huéng, U, 1a dp luc nudc 16 rong thing
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du ban dau. Hé sb as duoc tinh nhu sau:
2

()
0 day, re 1a ban kinh ving anh hudng (de/2), Aslahé s6 str dung danh gia su giam kha ning thoat nuoc theo
thoi gian, gia tri Az nam trong phuong trinh thé hién sy giam kha nang thoat nudc theo thoi gian nhu sau:
Oy = Gl ™ (8)
& diy Ouo 12 kha ning thoat nudc clia bac tham tai thoi diém ban dau (t = 0). Gia trj o, lah¢ s6 duoc trinh

bay nhu sau:
Qwo o

- 9)

rk, (2Hz - 2*)
¢ day, gid tri y, = Inl 4 t— Ins—0.75 véi s=d./d,,, trong d6 ds la duong kinh ving anh hudng xao tron

S S
dat do thi cong bac tham. ks1a hé s6 tham cua dat trong ving xdo tron. o
Tur phuong trinh (6) va phuong trinh (1), d6 can tham theo thoi gian cta bac tham thu dugc nhu sau:
-T,a,F(n
L(t)= L()T _F(n)

In[1+aoeaS " ]

1+,

(10)

2.2 Panh gla tinh ho’p 1y ciia moi quan hé d9 can tham véi thoi gian
Dé danh gia su giam kha nang thoat nudc theo thoi gian, Kim va cong sy [14] da tién hanh thi nghiém
c¢b két cho tru dét gla ¢b bac thAm. MAu dat dugc 1dy tir khu vyc cong truong Hwa-Jun gin cang Busan.

Pic diém cia mau dat nhu sau: ham luong nuéc W=53%, gidi han nhdo w, =54%, giGi han déo
W, =27%, hé s6 tham clia dat theo phuong ngang k, =3.6x107° (m/s), hé sb cb két theo phuong ngang
C, =1.0x107 (m%s). Tru dat gia c6 bac thdm c6 cac thong s6 dé tinh ¢b két ctia dit dugc cho nhu Bang 1.
Chu ¥ ring, cac gié tri cho ¢ ddy duogc 14y tir Kim va cong sy [14] va Deng va cong su [18].

Bang 1: Cac thong s6 lién quan dén tmg xir ctia bac thim trong tinh toan cb két

Thong s6 Gia tri
dw (m) 0.05
ds (m) 0.3
de (m) 0.6
H (m) 2
Kn/Ks 1.05
qw (M3/ndm) 5

Duya vao két qua do dac kha ning thoat nudc theo thoi gian, hé s6 As duoc xac dinh béng 3.5 x 10 (1/s)
[14] Bai bao nay st dung cac thong s6 nay dé tinh toan do cb két theo thoi gian khéi dat. Bo ¢ két cua
khoi dét theo thoi gian dua vao mbi quan hé giita do can tham theo thoi gian thu duoc tir phwong trinh (10)

va phuong trinh (1) nhu sau:
—agTy
8in {HMJ
l+a,

aF(n)

U,=1-exp

(11

Dua vao phuong trinh ¢ két s6 (11), qua trinh ¢ két dugc phan tich va so sanh vé6i 10i giai Hansbo [16]
va Kim va cong su [14]. Két qua duogc trinh bay nhu Hinh 1.
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Thoi gian (gio)
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Két qua thi nghiém boi Kim va cong sy (2011)
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Hinh 1: Két qua tinh toan do c¢b két theo thoi gian sir dung mdi quan hé d& xuét va nhiing 101 giai khac

Két qua cho thiy viée str dung 101 giai voi mdi quan hé d6 can thdm duoc dé xuat trong bai bao nay cho két
qua phu hop véi s6 lidu do dat boi Kim va cong sy [14]. Méi quan h¢ do can thim theo thoi _gian theo Kim
va cong su [14] 12 tuyén tinh, trong khi d6 m61 quan hé nay 1a ph1 tuyen trong phu0’ng phap d& xuat (Phuong
trinh 10). Hinh 2 trinh bay moi quan hé gitra d6 can tham v6i nhan té thoi gian. Két qua cho thay sir dung
mdi quan hé dé xuat kha phu hop voi két qua quan tric, duoc phén tich nguoc tir Yoshikuni va Nakanodo
[15]. Do d6 c6 thé thay rang, viéc sir dung mbi quan hé giita d6 can thdm ctia bac thim theo thoi gian dé
xudt trong nghién ciru nay hop 1y.

1
O K&t qua phan tich ngugc tir Yoshikuni va Nakanodo (1974)

~ 08 1 — Loi giai dé xut véi Ag = 3.5 x106 (1/s)
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Hinh 2: Mdi quan hé giita d¢ can thdm cuia bac thim va nhan t6 thoi gian
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Gia tri A;=3.5x10® (1/s) str dung trong nghién ctru nay cho két qua du doéan su giam kha ning thoat nude
theo thoi gian kha phu hop. Két qua du bao sy thay d6i kha nang thoat nudc theo thoi gian véi hé so
A3=3.5x10" (1/s) dugc trinh bay nhu Hinh 3.

1l &

Két qua do (Kim va cong su 2011)

09 A .
--- Keét qua du doan ctia Deng va cong su (2012)

—a— Két qua du doan trong nghién ctru nay véi A;=3.5x 106 (1/s)
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Thoi gian (gio)
Hinh 3: Du doan su giam kha ning thoat nudc cua bic thim

2.3 Phuong phap du bao lin dé ;(uf'lt o
D0 co6 cua nén dat yeéu gia co bac tham theo phuong ngang tai thoi gian t, bd qua anh huong co ket theo
phuong dirng duogc tinh nhu sau [8, 19-20]:

U, = — (12)

& day S, 1a do Itn cubi cung cua nén dat yéu, do Iin cudi cung & day dugc xem nhu nén dat c¢b két hoan
toan. S; 1a do lun cua nén dat yéu tai thoi diém t. Két hop voi Phuong trinh (11), St duoc viét lai nhu sau:

—a3Th
8ln LMJ
1+ o,

S(t—theory) = Soo 1- EXp a3F (n) (13)
D6 1an quan tric tai thoi gian t dugc tinh toan nhu sau:
—a,T}, (at observated time)
8In l+ae
l+a,
S(t—Observaltion) =X 1- EXp a3F (n) (14)
Tiép theo, d6 1Un cudi cung dugc tinh toan nhu sau:
8In (1 ! J
. +a
S(final—predic’(ion) =lim S(t—prediction) =X 1- exp —_— (15)
X—0 a, F (n)
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& day gia tri y duoc xac dinh dua vao két qua quan tric do lun trong mot giai doan thi céng, dugc xac dinh
nhu sau:

S
= - (16)

—agTy;
8In (]'-’_O%e}
1+a,

a,F (n)

1-exp

& day S, ,1a do l4n quan trac tai thoi diém ti. 7,14 nhan t6 thoi gian, dugc xac dinh tai thoi diém ti. Nnom
tac gia ctia bai bao nay phan tich va khao sat gia tri y, két qua cho thay gia tri y thay doi tir 0.8 dén 1.2.
Léy vi du phan tich cho truong hop tai cong truong cang Busan, dugc trinh bay nhu Hinh (4). Két qua cho
thay rang gia tri y thay doi tir 0.86 dén 1.11, gia tri nay on dinh tai gia tri 0.86 sau 80 ngay. Pi¢u nay duogc
giai thich vi tc d6 cb két ciia nén dit yéu 16n hon trong giai doan dau thi céng. Didu nay ciing hop 1y so
v&i nghién ctru cua Bo va cong su [21].

12
-------------- » Max: 1.11
1 -
2000668.0-0-0-0-0--0--0-0--0-0_ 2 ¢ &
~ 0.8 1 Average value: 0.86
‘E 06
by
© 04 4
0.2 A
O 1 1 1 1
0 100 200 300 400 500
Thoi gian (ngay)

Hinh 4: Gia tri y khdo sat tai cong truong cang Busan

3 APDUNG PHUONG PHAP PE XUAT CHO CONG TRIiNH CU THE

Pé danh gid kha ning ap dyng phuong phap dy bao lin duge dé xuat trong nghién ciru ndy, phan nay nhom
tac gia sé ap dung phuong phap dy bao lin dé xuét cho cdng trinh cu thé & cong trinh cang Busan. Dix liéu
quan tric va cac thong sb khac duoc lay tir Chung va cong su [8]. Pé danh gia do chinh xac cua phuong
phap d& xuat véi cac phuong phap du bao khac, nhém tac gia st dung cac phuong phap Asaoka [9] va
phuong phap Hyperbolic [12].

3.1 Phuwong phap Asaoka

Hinh 5 trinh bay phwong phap du bao d6 1tn sau ciing cta nén dt yéu gia cd bac tham. Trong truong hop
nay, sb gia thoi gian dugc chon At =50 ngay. Két qua cho thdy d6 lan sau cung duoc du bio 13 0.76 m.
Nhu théo luan trong Phén 1, gia tri ¢ lin du bao theo phuong phap Asaoka cho d¢ 1un nho hon nhiéu so
v6i d lan thyc té.
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Asaoka
0.9

0.8 y = 0.7052x + 0.2235
07 | R = 0.9996

0.6 A
€ 0.5 1
B 04 -

03 1 At =50 days
0.2 A

0-1 1 S;=0.76m
0 01 02 03 04 05 06 0.7 0.8 0.9

Siq (M)

Hinh 5: Phuong phép du bao lin bang phuong phap Asaoka

3.2 Phwong phap Hyperbolic
Hinh 6 trinh bay phuong phap du bao do lin theo phuong phap Hyperbolic. Két qua do 1tn sau cling cua
nén dat dugc tinh nhu phwong trinh sau:

S, =SO+1=O.16+L=1.2m (7)

p tan

& day So 1a d6 1an ban dau duoc chon bang 0.16 m. D¢ lun dy bao theo phuong phap nay cho két qua 16n
hon so véi két qua quan tric thuc té. Hon nira phwong phap nay c6 dé chinh xac phu thudc vao gia tri So
chon ban dau.

Hyperbolic
[ 600
S-S y=0.7102x + 344.74 _
I =
500 | Rz ] 0'91 15 ..,....,....-...........
] P
300 -
200 -
100 A
0 | | | I I
0 50 100 150 200 250 o

Thdi gian (ngay)
Hinh 6: Phuong phap du bao lin bang phwong phap Hyperbolic

3.3 Phuong phap du béo lin dé xuat

Hinh 7 trinh bay phwong phap du bao d6 1tn sau ciing ciia nén dét yéu cho cong trinh Cang Busan. Két qua
cho thay d¢ 1Gn sau cung tinh theo phuwong phap dé xuat 1a 0.854 m. Két qua nay phu hop véi bao céo cua
Chung va cong su [8]. Ngoai ra phuong phap dé xuat cho phép dung duong cong ldn theo thoi gian cua
nén dat yéu. Két qua cho thiy phuong phap dé xuit cho két qua pht hop véi du liéu quan tric & hién truong.
Dua vao két qua phan tich, gia tri dy b&o su giam kha ning thoat nuéc cua bac thim As tim dugc 14 2.5 x
10°® (1/s). Diéu d6 cho thay, dwa vao phuong phap dé xuét ¢ thé thu duoc quy luat giam kha ning thoét
nudéc cua bic thim trong nén dét yéu.
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Thoi gian (ngay)
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Hinh 7: Phuong phép du bao lin bang phuong phap dé xuat
4 KET LUAN
Nghién ciru nay trinh bay mot phuong phéap du bao lin cho cong trinh dudng trén nén dét yéu c6 gia cb bic
tham, trong d6 phuong trinh dy bao lin dugc dé xuét dya vao su thay ddi do can thdm cua bic thdm theo
thoi gian. Dya vao két qua phan tich va so sanh véi cac phuong phap du bao do ltn khéc, co thé rat ra
nhitng két luan chinh nhu sau:

—  MGdi quan hé phi tuyén giira d6 can tham vai thoi gian dugc dé xuat. Mdi quan hé nay cho két qua
du bao vé quy luat thay ddi do can thdm theo thoi gian kha phii hop kha phu hop véi két qua thi
nghiém.

—  Phuong phap du bao d6 lan theo thoi gian dugc dé xuat va cho két qua du bao kha chinh xac so
v6i dit liéu quan tric thuc té.

—  Kién nghi str dung phuong phap du bao ltin dé xuat dé dy bao Iin cho cong trinh dudng trén nén
dat yéu duoc gia cb bang bic thim.
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