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Determining soil parameters by probability analysis for vertical drain

design

Abstract: The paper presents the probability analysis method of
determining soil parameters for the purpose of vertical drain design and
the results of application for soft soil treatment at Ca Mau Gas Processing
Plant. The consolidation time from the probability analysis method is
greater than from standard method, concretly 1.29 time for the calculated
case. The parameter the most influent on the prediction results is vertical
consolidation coefficient Cv.

1. GIOI THIEU

Trong cong tac xtr Iy nén dat yéu thi viéc dy
bao chinh xéc thoi gian c¢b két vai do ¢ két yéu
cau 1a v cing quan trong. Néu thoi gian cb két
thuc té thép hon du béo thi viéc xu ly nén la
khong can thiét, lang phi vé kinh té, anh hudng
dén tién do téng thé cua du 4n. S& ¢ nhiéu tinh
hudng phién phirc nay sinh khi thoi gian cb két
dur bao thip hon thyc t& nhu thém bién phap xt
ly dé dat do cb két yeu cau hodc chép nhan bi
phat khi khong dat thoi gian hoan thanh. Do
vy van dé dat ra 13 tim cach tinh toan thoi gian
cd két sat voi voi thue té nhat 1a hét stc can
thiét, c6 y nghia thuc tién va ¥ nghia khoa hoc.

Nhiéu md hinh tinh toan da dwoc dua ra
(Terzaghi ,1925 [13]; Barron,1948 [10]). Su
chinh xé4c ctia két qua tinh toan phu thudc vao:

e Do chinh x4c va df tin cdy cia cac tham
s6 dat nén thu duoc tir cac thi nghiém hién
truong va trong phong;

e Sy ding din ctia mo hinh tinh toan;

e Hiéu qua ciia bién phap xir 1y dat nén.
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Céc yéu to néu trén goi 1a cac yéu td khong
chic chin (bt dinh). Nhirng yéu t6 bat dinh
trong cac bai toan dia ky thuat da duoc nhiéu
tac gia trén thé giéi dé cap nhu Terzaghi(1960);
Peck (1969); Casagrande (1965); Whitman,
1984, 2000; Kulhawy, 1992; Paté-Cornell,
1996; Vrijling va van Gelder, 1998, 2005; van
Gelder, 2000; Vrouwenvelder va Calle,2003;
Baecher va Christian,2005; Fenton va Griffiths,
2008; Phoon, 2008; Kanning,2012;).

O nudc ta, 1y thuyét thiét ké ngiu nhién (cac
thong sb dau vao bat dinh) dd dugc cac nha
khoa hoc tiép thu tir cac nuéc Lién X6 cii va
Pong Au tir 1au nhung ciing chi ding lai ¢ 1y
thuyét va ing dung hep trong mot sé linh vuec.
Khoang 10 nim gin day, cac nha nghién ciru
thudc linh vuc tai nguyén nude, ky thuat
bién,...da phat trién manh Iy thuyét va tng dung
trong cac linh vyc do trén co s& hop tac nghién
curu, dao tao véi cac nudc Tﬁy-Béc Au (Ha Lan,
buc, Anh, Na Uy,...) [3], [4]. Trong dia k¥
thudt cac cong trinh nghién clru ctua tac gia
Trinh Minh Thy, Pham Quang Tu, 2010[5] va
Pham Quang T, 2014[6] dd tung dung 1y thuyét
nay dé giai quyét mot sb bai toan cu thé. Tuy
nhién viéc nghién ctru va trng dung trong dia ky
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thut chua nhiéu. Trong bai bdo ndy, tac gia tap
trung so sanh wu diém cua thiét ké theo 1y thuyét
ngau nhién va truyén théng (phuong phap tat
dinh) thong qua bai toan dy béo thoi gian cb két
trong xtr 1y nén dat yéu bang bic thim, dong
thoi chi ra cac tham s co anh hudng 16n nhat
t6i két qua tinh toan.

2. LY THUYET CO KET THAM

2.1. Ly thuyét c6 két tham mot hwéng ciia
Terzaghi

Ly thuyét cd két thAm mot hudng cua
Terzaghi, 1925 [13] 1a Iy thuyét co ban cua bai
toan cb két va di duoc ap dung rong rai dé tinh
toan toc do nén cua dat va toc do tiéu tan ap luc
nuée 16 réng cho loai dat c6 hé sé tham nho.

Phuong trinh ¢ két thAm mot hudng cua

Terzaghi:
ou ou
-=C

i —
ot Oz

(1)

Trong do:
_K(1+¢,)

ay,

Cv— hé sb cb két theo phuong dung cua dat
yéu (m?/ngay)

ky — hé s6 tham theo phuong ding cua dét
yéu (m/ngay)

a— hé s6 nén lan cta dét yéu (m?/kN)

€0 — hé sb rong tu nhién

vn — trong lwong riéng ctia nude (10kN/m?)

Loi giai phwong trinh (1) viét théng qua
d6 c6 két trung binh thang ding U, cta ca
16p dat la:

© 9 s
U =1-% = ¢t
L ;Mz (3)

(2)

v

Trong do:
M = %(2;;: +1) (4)

. 2
T,=ct/H; (5)

m — h¢ s6 khong thir nguyén

Cy — hé s6 cb két theo phuong dung cua dat
yéu (m?/ngay)

t — thoi gian (ngay)

He — chidu dai coa duong thoat nude 16n
nhét (m)

Ty — nhan t6 thoi gian, khong thir nguyén

Tinh toan do ¢6 két trung binh theo phwong
thang dtng cia ca 16p dat véi thoi gian t theo
cong thuc (3). Pé tién loi hon trong tinh toan
Casagrande, 1938 va Taylor,1948 da cung cip
cach tinh toan gan dang sau déy:

a) Khi U, <60%

2
T, = E(P—VJ (6)
41100
b) Khi U, >60%

T, =1.781-0.93310g(100-U,) @

2.2. Ly thuyét c6 két thAm ngang (xuyén
tam) caa Barron (1948)

bé rat ngén thoi gian cd két, mot sd bién
phap xtr Iy nén dugc 4p dung nhu xtr 1y bang
bac thim, coc cat,...Trong do, mot hé théng
thoat nudc thiang dung duogc tao ra voi nguyén
1y 1a rat ngan chiéu dai duong thoat nudc 16
rong ctia 16p dat c6 hé s6 thdm nho t6i bé mat tur
do (Hinh 1)

tét it T

.
-
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Hinhl. Vit thodt mede thang dimg va dwong
thoat nudc ngang
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Barron, 1948 [10] d nghién ctru bai toan ¢
két trong trudng hop cé vat thoat nudc thing
ding . Ong gia thiét néu chi c6 thoat nudc
ngang thi phuong trinh vi phan c6 két 1a:

1 U
a_u = Ch —. ﬂ + — (8)
ot roor or
Trong do:

Ch — hé s6 cb két theo phuong ngang cuia dat
yéu (m?/ngay)

u — ap luc nudc 16 rong trung binh tai mot
diém bat ky véi thoi gian t (kN)

t — thoi gian sau sy gia tang tuc thoi ciia rng
sut tong thang dung (ngdy)

r — ban kinh khoang cach tir diém xét toi
trung tam try dét thoat nudc (m)

Do ¢ két trung binh theo phuong ngang cua
ca 16p dat voi thoi gian t duoc tinh theo cong
thire sau (TCVN 9355, 2013) [2]:

- 8T,
U, =1-exp{ ———2— 9
g p{F(H)HTS +Fr} &)

Trong do:

Th - nhan t6 thoi gian theo phuong ngang

F(n) — nhan t xét t6i anh hudng cua khoang
cach bd tri bac thim

Fs — nhan t6 xét dén anh huong cua xdo dong

F, — nhan t xét dén strc can cua bic thAm

Nhan t6 thoi gian theo phuong ngang theo
cong thic sau:

C
T,= D—’;r (10)
Trong do:

D — l1a duong kinh anh hudng ciia béc
thdm (m)

Néu bd tri bic thim theo kiéu 6 vudng,
D=113L

Néu bd
D =1,05L

L 1a khoang cach giita tim cac bac tham (m)

tri bic thim theo kiéu tam giac,

Nhan t6 xét dén anh huong ciia khoang cach
b6 tri bac thim xac dinh theo cong thirc sau:

n’ 3n’-1
In(n)-
(m) 4n’

F(n)= (11)

n-1

(12)

dw — 1a duong kinh twong dwong cia bac
thim (m)
2(a+b
 _2ath)

w

(13)
T
a, b — twong ung 1a chiéu day va chiéu rong
bac tham (m)
Nhén t6 xét dén anh huong cia xdo dong
dat nén khi dong bac thdm xac dinh theo cong
thirc sau:

F = %0 _q|in[ %
kS dlr‘ll'

Trong do:

kn — hé sb thdm theo phuong ngang cua dat
yéu khi chwa dong bac thaim (m/ngdy)

ks — hé s6 tham theo phuong ngang cua dat
yéu sau khi dong bac thim (m/ngay)

ds — duong kinh twong duong cta ving dét bi
x40 dong xung quanh ctia bic thAm (m). Thuc té

(14)

thuong dung:
d/d, = 2+3

Nhan t0 xét dén surc can cua bac tham co thé

(15)

tinh toan qua cong thic sau:

2 k
F==nH>-h (16)
3 ql'l'
Trong do:

H — chiéu dai tinh toan cua bic thim (m).
Néu chi ¢c6 mdt mit thoat nude phia trén thi H
béng chiéu sau doéng bac thdm, néu co hai mat
thoat nudc (ca trén va dudi) thi ldy H bang mot
nira chidu sau dong bac tham

kn — hé s6 thim ctia dat theo phuwong ngang
ctia dat yéu khi chua dong bac thim (m/s)

gw — kha ndng thoat nudc cua bic thim
twong duong voi gradient thuy luc bang 1, liy
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theo chirmg chi xuit xuong cta bac tham, tinh
bang m®/s

Thuc té tinh toan c6 thé léy ti sb Kn/Qw:

kn/Qw = 0,000 01 + 0,001m™ dbi voi dit yéu
loai sét hoac sét pha

kn/Qw = 0,001 + 0,01m™ di v6i than bun

kn/Qw = 0,01 = 0,1m™ ddi v&i bun cat

2.3. Phwong phap Barron — Tezaghi

Carillo, 1942 [11] da phat trién phuong phap
két hop do cd két theo phuong ngang va thang
dung dé thu duoc do cb két tong:

U=1-(1-U 1-U,)

trong do:
U — d6 6 két tong trung binh cta 16p dit yéu

(17)

sau thoi gian xu ly t

Uy - d6 cb két trung binh theo phuong dimng
ctia 16p dat yéu sau thoi gian xir 1y t

Uy - d6 ¢d két trung binh theo phuong ngang
cta 16p dat yéu sau thoi gian xtr 1y t

3. Tong quan vé Nha miy xir ly Khi
Ca Mau

3.1. Piéu kién dia chat

Mit cit dia chit dién hinh trong khu vuc
duoc thé hién trong hinh 2.

A s Sy
b

e ”

NE
:
= = =]

Hink2. Mdt cdt dia chat dién hinh trong khu vuc
nghién cieu ([7])

Theo bao céo khao sat dia chat cho giai doan
thiét ké co so (BB.G -VSP-PVE-SV-60-
PLREP-001) [7] va Bao cdo khao sat dia hinh
va dia chat dy 4n nha may xtr Iy Khi Ca Mau do
Tong Cong ty tu van thiét ké dau khi thuc hién
vao thang 12/2014 trong giai doan thiét ké k¥
thuat [8], khu vuc c6 mat ting dat yéu sét hitu
co déo cao, d6i chd xen kep cat, mau x4m nau,
xam xanh, xam den, trang thai déo chay phan b6
t6i do sdu tir 17-18m tinh tir mit dat tw nhién,
nén ¢ trang thai cd két thuong

3.2. Yéu cau ky thuat ciia cong tac xir Iy nén

Bang 1. Yéu cau ky thuat ciaa cong tac xir Iy nén (theo [9])

Khu vue bon bé
R R va khu vuc ky Khu vee dwong | Cac khu vue phu
STT Thong so R L o
thuat tram xwr ly ndi bo trg
khi
1 | Tién do xtr Iy nén (ngay) 180 180 180
5 Do ¢b két ciia nén dudi tai > 90% > 90% > 90%
trong khai thac (%)

3.3. Khoang cach va chiéu sau bic thAm

Khoéng cach bac thim dugc thiét ké 1a
1,0mx1,0 m va bé tri theo ludi hinh vudng.

Béc thim duoc thiét ké cam hét 16p 1, chiéu

sdu tlr mat dét ty nhién trung binh xap xi 1a 17,0
m, va tir mat dat sau khi san lép la 19,0 m.

3.4. Tai trong tinh toan trong giai doan
xur ly
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Bang 2. Bang tai trong tinh toan trong giai doan xur ly (theo [9])

Chiéu | Dung trong Tai
S6 hi¢u Loai tai trong day riéng trong
(m) y (T/m®) (T/m?)
(5) | Tai trong cét san lap 1.77 1,7 3,01
(6) | Tai trong bu lin trong qua trinh thi cong san lap 0.3785 1,7 0,64
(7) | Taitrong 16p dém cat 0.5 1,7 0,85
(8) | Ap luc gia tai chan khong 7,0
(9) | Tong tai trong gia cd = (5)+(6)+(7)+(8) 11,50

4. CAC PHUONG PHAP THIET KE

4.1. Phuwong phap thiét ké truyén théng
(theo tiéu chuin)

Theo céc tiéu chuan thiét ké bic thim hién
hanh TCVN 9355, 2013 [2], 22TCN 262, 2000
[1], thi viéc tinh toan dugc tién hanh theo cac
cong thac tr (1) téi (17) nhu da néu ¢ muc 2,
v6i cac thong sb dau vao ciia nén dat yéu va bac
thdm (nén dat yéu: Cv, Ch, Har, ki, kv, Ks; bac
thim: L, a, b, H, quw, kiéu bd tri). Cac thong sb
nay dugc xem 1a hing sé (deterministic), chinh
vi vay goi phuong phép thiét ké theo tiéu chuin
1a phuong phép tat dinh.

4.2. Phwong phap thiét ké ngiu nhién
(bét dinh)

La phuong phap ma cac thong sé dau vao la
cac dai lugng bién d6i ngau nhién. Trinh tu tinh
toan thoi gian c¢b két theo phwong phap thiét ké
ngau nhién nhu sau:

% Bwéc 1: Xdc dinh ham phén phéi ciia
cdc tham sé dit xir 1y

Phan mém BestFit duoc st dung dé tim ham
phan phéi phi hop nhit cho cic thong sd bat
dinh cta dat nén Cy, ki/ks Cr/Cy...

e C, (200kPa)

Ham phan phdi phu hop cho tham s6 Cv la
ham lognormal cé gi& tri trung binh la 2.51e-3
mz/ngéy; d6 léch chuin o = 1.28e-3 m?/ngay
(Hinh 3).

6180 —

0.

Hinh 3. Ham phdn phéi ciia Cv 6 cdp dp hee 200kPa

o Tisd ki/ks

kn — hé sb thAm theo phuong ngang cua dat
yéu khi chwa dong bac thaim (m/ngdy)

ks — hé s6 tham theo phuwong ngang cia dat
yéu sau khi dong bac thim (m/ngay)

Theo Holtz ,1991[12] ti sb kn/ks bién d6i tur
1,5 dén 2. Gia thiét h¢ s kn/ks tuan theo luat
phan phdi lognormal véi gia tri trung binh 13 2,0
va d6 léch chuan ¢ = 0,5. Vay kn/ks cO ham
phan phbi Lognormal(2.0, 0.5) (Hinh 4)

0.75
0.50

0.25

0.00

Hinh 4. Phan phé'i ctia ti 56 KnlKs
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e Tisd A=CHC,

Thong thuong hé sb cd két theo phwong
ngang Ch khong dugc xac dinh tryc tiép bang thi
nghiém ma duoc xac dinh thong qua ti s6 A(Ch
= A* C,). Ti s6 A duoc gia thiét tuan theo luat

phan phdi Lognormal(3.0, 0.5) (Hinh 5)

0.75

0.25

0.00
2.0 2.5

3.0 3.5 4.0

4.5

Hinh 5. Phdn phoi ciia ti s6 A = Cp/C,

% Buwdc 2: Xdc dinh cdc tham sé tit dinh

e D - Puong kinh anh huong cia bac thim

D=1,13*L=1,13*1=1,13m
e dy— 14 duong kinh tuong dwong ciia bac thim

_ 2(a+tb)
T

Véi a = 4mm = 0,004m; b = 10cm = 0,1m
nén dy = 0,06624 m

o dJdy=2

e ki/qw = 0,000 01m™

% Bude 3: Tinh todn thoi gian cé két voi
thoi gian la dé dat @6 co két U>90%

St dung phan mém VaP dé tinh toan

4.2. Két qua tinh toan

Viéc tinh toan thoi gian ¢d két dugc tién
hanh theo cac cong thac tu (1) téi (17) nhu da
néu & muc 2.

d

W

(13)

Phuong phép thiét ké truyén thng sir dung
cac tham sb hoan toan 1a xac dinh.

Phuong phap thiét ké ngdu nhién st dung
mdt vai tham sb bién ngiu nhién voi cac phan
phéi twong ung nhu & muc 4.2. Céac kich ban
khac nhau duoc ap dung trong phuong phap
thiét ké ngdu nhién dé tim ra duoc tham sb dat
nén c6 anh hudng 16n nhat t6i két qua tinh toan.

Bing 3. Bang két qua tinh toan theo phwong phap thiét ké tit dinh va ngiu nhién

Truong hop tinh £ s L Thai gian co Do co
t%)ér?p Tham so Ham Gia tri Két (igﬁy) KéK(%)
TH1: Céc tham | D (m) 1,13 137 90,4
s6 1a tat dinh dw (M) 0.06624
(Phwong  phap | dJ/d., 2
thi€t ke truyen | ky/gw (m?) 0,000 01
thong) H (m) ) 19
Hg: (M) Tat dinh 17
Ki/Ks 2
C, (m2/ngay) 2,51E-3
A 3
TH2: Chi cho | D (m) 1,13 137 90,4
kn/ks bién ddi dw (M) 0,06624
dy/d, , 2
Kn/ G (M) Tat dinh 0,000 01
H (m) 19
He: (M) 17
Kn/Ks Lognormal (2.0; 0.5)
C, (m2/ngay) Tat dinh 2.51E-3
A 3
TH3: Chi cho A | D (m) 1,13 141 90, 4
bién doi dw (M) 0.06624
dy/d, 2
kn/Qw (M) 0,000 01
DIA KY THUAT SO 1-2016 51



Truong hop tinh £ 5 L Thoi gian co Do co
t%ér?p Tham so Ham Gia tri Két (%lgily) k(%)
H (m) 19
Hg: (M) Tat dinh 17
Kn/Ks 2
C, (m2/ngay) 2,51E-3
A Lognormal (3.0; 0.5)
TH4: Cho A va | D (m) 1,13 141 90, 4
kn/Ks bién d6i dw (M) 0,06624
dy/dy Tat dinh 2
k/Qw (M) 0,000 01
H (m) 19
Hg: (M) 17
Ki/Ks Lognormal (2,0; 0,5)
Cy (m2/ngay) Lognormal 2,51E-3
A Lognormal (3,0; 0,5)
TH5: Chi cho | D (m) 1,13 173 90, 44
C, bién doi dy (M) 0,06624
ds/dw ) 2
k/Qw (M) Tat dinh 0,000 01
H (m) 19
Hg: (M) 17
Kn/Ks 2
C, (m2/ngay) Lognormal (2.51e-3; 1.28e-
3)
A Tét dinh 3
TH6: Cho C, va | D (m) 1,13 173 90,44
ki/ks bién dbi dy (M) 0,06624
ds/dw ) 2
ki/Qw (M) Tat dinh 0,000 01
H (m) 19
Har (M) 17
Ki/Ks Lognormal (2,0; 0,5)
Cy (m2/ngay) Lognormal (2.51e-3; 1.28e-
3)
A Tét dinh 3
TH7: Cho C, va | D (m) 1,13 177 90,5
A bién doi dw (M) 0,06624
dy/dw 2
Kn/Qw (M) , 0,000 01
H (m) Tat dinh 19
Har (M) 17
Kn/ks 2
Cy (m2/ngay) Lognormal (2,51e-3; 1.28e-
3)
A Lognormal (3,0; 0,5)
TH8: Cho C,, | D (m) 1,13 177 90,5
k'ks va A bién | d,, (m) , 0,06624
doi ds/d, Tat dinh 2
kn/Qw (M) 0,000 01
H (m) 19
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Truong hop tinh £ 5 L Thoi gian co Do co
iér?p Tham s6 Ham Gia tri Két (%lg:‘ly) két.(%)
Hgr (M) 17
Ki/Ks Lognormal (2,0; 0,5)
C, (m°/ngay) Lognormal (251e-3;1,28¢-3)
A Lognormal (3,0; 0,5)

5. THAO LUAN

Tir két qué tinh toan ¢ bang 3 ta c6 nhan xét sau:

e Tinh toan theo phwong phép truyén thong
va ngau nhién c6 két qua chénh léch nhau kha
nhiéu (137 ngay va 177 ngay). Thoi gian c¢b két
theo phuong phép ngiu nhién gip1,29 lan thoi
gian ¢b két theo phwong phap tét dinh.

e Tir cic kich ban khac nhau (TH2 dén THS)
cho thiy tham sb c6 anh huong nhat dén két qua
tinh toan 1a hé s c¢d két theo phuong thing
ding Cy, 1a nguyén nhan gay ra sy sai I¢ch gitra
phuong phap truyén thong va tat dinh.

e Hé s6 cb két theo phuong thang dung C, c6 do
1éch chuan cang cao thi su sai khac ndy cang 16n.

Kién nghi:

e Nén dung phuong phap thiét ké ngau
nhién thay cho phuong phap truyén théng vi véi
phuong phap thiét ké ngau nhién, cac thong sb
dau vao la cac dai luong bién doi ngau nhién,
phan 4nh dang ban chét bién thién cia cic tham
sd dau vao tir dt nén.

e Lay mau va thi nghiém chi tiéu C, can hét
stc Iuu y tranh sai sot.
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