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TOM TAT

Trong qua trinh thi cdng hé dao lam tuong lién tuc thuong dung vira bentonite dé khéng ché chuyén vi vach
dao va lun mat dat. Tuy nhién, khi gan hd dao co cic cong trinh xay dung va dia chat phac tap nhu: dét yéu, cat
chay, v.v... thi viéc bao vé vach dao bang vira bentonite 1a khéng du an toan cho cong trinh. Bai bao nay dé& xuét st
dung phuong 4n tru dit xi mang két hop vita bentonite dé gia cé vach dao va khdng ché 1an cho céc cong trinh lan
can. Bai toan duoc md phong trén phan mém 3D Midas GTS dé phan tich lGn cho cac cong trinh lan can, chuyén vi
ngang va hinh thiic phé hoai ciia vach hd dao. Bai bao ciing phan tich phwong an tbi uu tru dat xi mang dé nang cao
an toan cho cong trinh trong qua trinh thi cng.

Tir khoa: Tuong lién tuc; hinh thirc pha hoai; 1Gn; chuyén vi; tru dat xi mang.
Analysis of the effects of soil cement columns on stability of diaphragm wall trench
ABSTRACT

The diaphragm wall construction process for deep vertical trenches is often filled up with bentonite slurry to
control displacement of trench and surrounding settlement. However, when the diaphragm wall trenchs near the
adjacent buildings and complex geology such as soft soil, sand boiling, etc... using bentonite slurry to protect the
stability of trenchs would not be safe enough for the excavation. This paper proposes a method combinating between
the soil cement columns with the bentonite slurry for increasing the stability of trench and control settlement for
adjacent buildings. The models were simulated by Midas GTS 3D software to analyze the settlement of adjacent
buildings, the displacement and failure modes of the trench. Optimal schemes of soil cement columns to improve the
safety of the excavation in the construction process were also analyzed.

Keywords: Diaphragm wall; failure mode; settlement; displacement; soil cement column.

1. Pt van dé

Nhu ciu st dung dat dé xay dung cong
trinh trong cac thanh phd 16n ngiy cang tang.
Vi vdy, tang ham cua cac nha cao tang khdng
ngimg ting vé d6 sau dé nang cao hiéu qua sir
dung khong gian ngam. Bi véi hé mong sau,
hinh thtrc twdng chin dat thuong dwoc chon 1a
tuong lién tuc hoic trong hang coc khoan nhoi
két hop véi tru dat xi ming (TPXM). Trong
qué trinh thi cong hd dao 1am tuong lién tuc
cho hé moéng thuong dung vita bentonite dé
khdng ché chuyén vi vach dao va lin mit dat.

Tuy nhién, khi gan hé dao co cac cdng trinh
xay dung va nén dia chét phirc tap nhu dat yéu,
cat chay, v.v... thi viéc bao vé vach dao bang
vira bentonite 1a khong du an toan cho cong
trinh. Bai bio nay dé xuat s dung phuong an
tru dat xi mang két hop vita bentonite dé gia cd
vach dao va khéng ché lGn cho céac cong trinh
lan can. Cac truong hop tinh toan dugc mo
phong trén phan mém 3D Midas GTS dé phan
tich 14n cho cac cong trinh 1an can, chuyén vi
ngang va hinh thicc pha hoai cua vach hé dao.
Bai bao ciing so sanh lya chon phuong an tdi
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wu dé nang cao an toan cho cdng trinh trong
qué trinh thi cong.

2. Tong quan céac hinh thic pha hiy
véach hé dao trong qua trinh thi cong

Trong mot s6 nghién ciu cho thay su pha
hoai ctia vach hé dao tuong lién tuc thuong
phén thanh hai dang phéa hoai: (1) pha hoai do
mét 6n dinh tong thé; (2) pha hoai do mat 6
dinh cuc b6 (Liu va Wang, 2009).

2.1. Mdt én dinh téng thé

Mat 6n dinh téng thé thuong xuét hién tur
miéng dén day hd dao. Trong tinh toan thuong
gia thiét hai dang pha hoai la pha hoai hinh
ném tru va hinh ném tam giac (Liu va Wang,
2009). Thong qua phan tich két qua tinh toan
gitta md hinh 2D va md hinh 3D cho thay:
Trong mod hinh 2D su pha hoai thuong xuét
hién & vi tri sdu hon trong mé hinh 3D. Mot s6
hinh dang pha hoai trong cac diéu kién cu thé
duogc cac tac gia nghién ctiru nhu: Piaskowski

va Kowalewski (1965) dua ra hinh dang pha
hoai kiéu ném try, hinh 1la. Morgenstern va
Amir-Tahmasseb (1965) théng qua viéc gia
dinh mat truot (hinh 1b) dé tim ra goc truot
phé hoai « d6i véi dét nén khong dinh o = 45°
+ o2 (p g6c ma sat trong cua dat nén).
Washbourne (1984) nghién ctu phan tich 6n
dinh vach hd dao trén nén dat dinh va khéng
dinh, véi gia thiét hinh dang phé hoai 1 hinh
ném tam giac, hinh 1c. Tsai va Chang (1996)
chi ra hinh thirc phé hoai nhu hinh 1d ddi véi
dat nén khong dinh. Yu Shaofeng va Ji
Chongping (1998) di gia thiét hinh thtc pha
hoai nhu hinh le va can ¢ vao hinh thic chiu
lyc caa khdi bi pha hoai, tir d6 xac dinh vi tri
pha hoai nguy hiém nhat trén vach dao. Aas
(1976) gia thiét hinh thirc pha hoai cho dat nén
khong thoat nudc nhu dugc minh hoa trong
hinh 1f.

z
(d)

Hinh 1. Céc hinh dang pha hoai tong thé cua vach hé dao

2.2. Mdt én dinh cuc b

Mat 6n dinh cuc bd thuong xay ra khi
trong dat nén ton tai mot 1op dat yéu xem kep,
hinh 2 (Liu va Wang, 2009). Mat 6n dinh nay
Xuit hién trudc rdi phat trién dan dén mat 6n
dinh tong thé. Khi hién twong ndy xay ra sé
yéu cau khéi luong bé tong 16n dé 1am tudng,
giai phép thi cong phtc tap, dan dén ting gia
thanh céng trinh. On dinh véch hé dao lac nay
phu thudc vao viéc xam nhap vira bentonite.

Vira bentonite
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Hinh 2. Hinh dang phéa hoai cuc bd
ctia vach hé dao
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Trudc khi vira bentonite hinh thanh dugc
mang bao vé thi vach tuong tai vi tri xem kep
(16p dat yéu) da hinh thanh luc tham thau va
chinh diéu nay lam anh huéng dén viéc 6n
dinh véach hd dao. Cin ctr vao phuong trinh
can bang luc tai vach hé dao dwa ra dugc hé
s6 an toan n.

ne Vulo AN @
Vi = 7s

Trong do6: xy : 1a trong lugng riéng cua
nuae (KN/m2); i 1a do déc thay luc; ¢: 1a goc
ma sét trong cua vira bentonite (°); % 1a trong
luong riéng cua vira bentonite (KN/m®); %: 1a
trong luong riéng cua dat (kN/m®).

2.3. Gigi hgn 1an cbng trinh [an cdn

Khi thi céng hé dao trang thai ung suat
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clia dat bién doi twong ddi phuc tap. Ap luc
dat va ap lyc vira bentonite tac dung lén vach
hé dao khong can bang, din dén bién dang
véch, anh huong dén 1Gn mat dat va cong trinh
lan can. Cowland va Thorley (1985) nghién
ctru cho thdy pham vi anh huéng caa viéc thi
cdng hd dao twdng lién tuc dén cdng trinh 1an
can la 1H (H la dg sau ranh dao) va trong tinh
toan khong thé bo qua. Budge-Reid va nnk
(1984) da tong két cac két qua do dac cua cac
cong trinh hé mong tau dién ngim & Hong
Kong cho thay, khi cdng trinh 1an can c6 méng
nong chiu anh huong 10n 16n hon coéng trinh
lan can c6 moéng sau, hoac khi kéo dai thoi
gian thi cong hd dao, gan vi tri hd dao ¢ cong
tac dong coc thi anh hudng lan cling tang 1én,
hinh 3.
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Hinh 3. Anh hudng cua viéc thi cong hd dao dén 1an cong trinh 1an can
Budge-Reid va nnk (1984)

Clough va O’Rourke (1990) dya vao cac
tai liéu quan trac cong trinh nam trén nén dat
yéu, dit sét déo cung, dat sét cung da chi ra
khi thi cong hd dao s& 1am anh hudng dén IGn
mat dit 12 0.15%H. Ou Changyu (2004)
nghién ctu cho thay khi thi céng hé dao lam

tuong lién tuc cho cdng trinh hd méng tau dién
ngdm & Dai Biac — Pai Loan d6 lGn mat dat 1a
0.05%H, d6 1an 16n nhat do dugc tir 10 ~ 15
mm, pham vi anh huéng la 1H. Cowland va
Thorley (1985) nghién ciu cho thiy téng bién
dang cua viéc thi cdng hé dao tuong lién tuc
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bang khoang 40 ~ 50 % tdong bién dang cua
viéc thi cong dao hé moéng. Theo Tiéu chuan
hé méng Thuong Hai - Trung Qubc (2010)
quy dinh do 1Gn cua mat dat ddi véi cong trinh
cap 1 1a 0.15%h, cdng trinh cap 11 1a 0.25%h,

Bang 1
Gidi han bién dang goc xoay

cong trinh cap III 13 0.55%h (h 1a d6 sau hd
mang). Bjerrum chi ra gia tri gisi han cua bién
dang gdc xoay o (A/L — Chuyén vi/ chiéu dai
mong) dé danh gia lan va két cau cong trinh
lan can (Chang, 2006), xem Bang 1.

TT AL Kiéu pha hoai cong trinh
1 1/750 Anh hudng dén co ché nhay cam lan.
2 1/600 Ton hai dén két cau khung dam cua cdng trinh.
3 1/500 Gidi han an toan nit cia cong trinh (xét dén hé s6 an toan).
4 1/300 Xuat hién vét nit trén tuong (chwa xét dén hé sé an toan).
5 1/250 Cong trinh xuat hién nghiéng.
6 1/150 San va tudng xuat hién nat dang ké.
7 1/150 Nguy co ton hai dén két ciu cong trinh.

3. Phan tich anh hwéng cuaa tru dit xi
ming trong viéc on dinh vach hé dao

3.1. Gigi thigu cbng trinh

Cong trinh hé moéng Toa nha 97-99 Lang
Ha, phuong Lang Ha, quan Ddng Pa, thanh
phé Ha Noi, téng dién tich 3295 m? chu vi
223 m, cao trinh mat dat ty nhién binh quan -
1.000 m, cao trinh ddy moéng -11.900 m, do

sau hd moéng thiét ké h=10.9 m (d6 sau cuc bd
I6n nhat 1a h;=13.0 m), thiét ké 3 tang ham.
Phia Pong Nam cong trinh cach nha tap thé 5
tang B1 la khoang 3 m. Tiéu chuin h4 méng
Thuong Hai - Trung Quéc (2010) quy dinh
cap bao vé méi truong xung quanh cdng trinh
la cap 1, (khoang cach tir cong trinh 1an can
dén mép hé mong 12 3 m nho hon h=10.9 m).

Bl Cong trioh B1

Hinh 4. M6 phoéng hién trang cong trinh

Chéng git hé moéng bang tuong lién tuc
c6 chieu rong 800 mm, sdu 22 m; gia co tuong
ho méng bang 3 tang thanh chong bé téng cot

thép, tang 1 c6 cao trinh -1.000 m, tang 2 c6
cao trinh -4.300 m, tang 3 cao trinh -7.300 m.
Cong trinh 1an can ¢6 moéng noéng sau 1.4 m
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va nam trén dém cat day 2.3 m, phia duéi 1a
I6p dat 2 dang bun yéu. Tai trong khai thac

cta toa nha B1 16n T = 90 kN/m?. Dia chat vi
tri nghién ctru phuc tap, xem Bang 2.

Bang 2
Dia chét vi tri cdng trinh nghién cau
o ax Do day | pynhien o hoa E c 1)
Lép dat \
op da (m) | (kN/m®) | (kN/md) Y kNImY) (kN2 ()
Lép 1: Dat lap 3.0 15.0 18,0 0,20 | 3000 | 15,0 | 10,0
L6p 2: Sét pha, déo chay 11,0 15,9 16,7 0,35 | 1000 | 69 | 2,0
L6p 3: Sét pha, déo cung 4,5 19,7 20,1 0,25 | 9000 | 23,8 | 11,2
Lop4: Cathatnho-trung, | o | 501 | 201 | 020 | 14000 | 1,0 | 31,0
chat vira
Méng nha B1 22,0 22.0 0,20 [2500000
Xi ming dat 16,0 18,0 0,20 | 50000 | 250 | 0,0

3.2. Truong hep tinh toan

Can cir vao tai liéu dia chat, vi tri céng
trinh 1an can, va diéu Kién may thi cong tuong
lién tyuc, v.v... Bai bao phan tich mét s6 truong
hop tinh toan dé tim ra hinh thirc pha hoai véch
hé dao, lun cong trinh 1an can. Cac truong hop
tinh toan véi chiéu dai ranh dao giam dan tir 6
m, 5 m, 4 m, dén 3m. Ung véi mdi chiéu dai

nay s& tinh thém 3 truong hop: (1) vach hé dao
khong duoc gia ¢ bang TDXM:; (2) vach hd
dao duoc gia ¢6 bang 1 hang TDXM c6 chiéu
dai 22 m, duong kinh coc ®800@600; (3) vach
hd dao duoc gia c6 bang 2 hing TDXM cb
chiéu dai 22 m, duong kinh coc ®800@600,
truong hop tinh toan xem Bang 3.

Bang 3
Truong hop tinh toan
T S6 hang Truong hop 1 Truong hop 2 Truong hop 3 Truong hop 4
coC I=6m I=5m I=4m I=3m
1 0 TH1-0 X X TH4-0
2 1 TH1-1 TH2-1 TH3-1 TH4-1
3 2 TH1-2 TH2-2 TH3-2 TH4-2

Ghi chu: x la truong hop khéng tinh toan.

3.3. Ldp mé hinh tinh

Do tinh chét ddi xiing caa cong trinh nén
ldy 1/4 kich thudc ranh dao dé lap mé hinh
tinh toan. Str dung md hinh Mohr — Coulomb
trong phan mém Midas GTS (2014) dé tinh
todn, véi cac kich thugc mé hinh 1a: chiéu
rong 10 m, chiéu dai 23 m, chiéu cao 30 m.

Kich thudc hd dao co chiéu dai thay doi tir 3
m, 25 m, 2 m, va 1.5 m, chiéu rong 0.4 m
(1/2 chiéu dai, rong ranh thyc té), chiéu sau
22 m. TbXM c¢6 duong kinh ®800@600,
chiéu dai 22 m. Tai trong tinh toan bao gém:
tai trong ban than céc 16p dat, tai trong T cua
nha B1, ap luc do dung dich bentonite sinh ra.
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Piéu kién bién: bién phuong X dugc ¢d dinh
phuong X, bién phuwong Y dugc cb dinh
phuong Y,bién phuong Z tai mat day mo hinh
duoc ¢ dinh phuong X, Y, Z, mit trén md
hinh khéng gin diéu kién bién, xem hinh 5.

2300

Budc tinh toan: tinh toan (ng suat do ban than
cac 16p dat gay ra, tinh toan wng suét do tai
trong ngdi nha va hang TDXM gay ra (néu
cd), tinh 6n dinh hé dao khi thi cong dao dat
d6ng thoi bom vira bentonite.
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3.4. Phan tich két qud

3.4.1. Hinh thitzc pha hogi vach hé dao

Khi tinh toan truong hop TH1-0 (chiéu
dai hd dao 1=6 m, vach khong duoc gia cd) da
xay ra hién tuong pha hoai 16n, nén két qua
tinh toan trén phan mém Midas GTS khong
hoi tu duoc. Tinh toan vai truong hop TH4-0
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Hinh 6. Hinh thiic phé4 hoai téng thé vach tudng

theo phuong dung TH4-0

Lua chon phuong an gia ¢6 vach hé dao
bang tru dat xi ming, ta thay hinh thuc phé
hoai tong thé khdng thé hién rd rét ma cha yéu
xay ra hinh thirc pha hoai cuc bd. Hién tuong

(chiéu dai hé dao 1=3 m, vach khéng duoc gia
¢b), vach hé dao bi phéa hoai téng thé, hinh 6,
hinh thirc phé4 hoai gidng nhu hinh 1a. D6 lan
I6n nhat tinh toan 1a - 542 mm. Khi giam
chiéu dai hé dao tir 6 m xubng 3 m (véch
khéng gia cb) khdng khdng ché duoc lun va
an toan cho céng trinh lan can.

Chiéu dai (m)
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Hinh 7. Két qua tinh toan 1Gn theo TH4-0

pha hoai nay xay ra la do ton tai mot l6p dat
yéu xen kep (I6p 2), tuy nhién phé hoai duoc
khéng ché khi sé6 hang TDXM ting 1én va
chiéu dai ranh giam, xem Hinh 8.
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DISPLACEMENT DISPLACEMENT
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Hinh 8. Hinh thirc pha hoai cua cac truong hop

3.4.2. LUn c6ng trinh 1an cdn va chuyén
Vi ngang véch hé dao

Lan caa cdng trinh 1an can va chuyén vi
ngang cua vach hé dao giam dan khi chiéu dai
ranh dao giam tir 6 m dén 3 m (gia cd bang

hang TDXM). Két qua tinh toan cho thay hiéu
qua gia cd cia TDXM cho vach hé dao va
cong trinh 1an can. Khi chiéu dai rdnh dao 4 m,
gia ¢6 1 hang TPXM lun 1a -53 mm, chuyén
vi 169 mm thi trong dwong vé6i chiéu dai rdnh
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dao 5 m, gia c¢b 2 hang TPXM, lan 1a -57 mm,
chuyén vi 143 mm; chiéu dai ridnh dao 3 m,
gia ¢6 1 hang TDXM, lun la -26 mm, chuyén

Chiéu dai (m)
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Hinh 9. Két qua tinh toan IGn cua cac
truong hop tng vai 1 hang TBXM
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Hinh 11. Két qua tinh toan chuyén vi
cua cac truong hop ttng vaéi 1 hang TBXM

Do 10n 16n nhat tap trung & mép mong
gan ho dao va giam dan khi s6 hang TDXM
tang 1én, (hinh 9, 10). Trong truong hop gia
cd 1 hang TPXM chuyén vi 16n nhat xuét
hién & vi tri cach miéng hé dao khoang 9 m
(hinh 11), khi gia c6 bang 2 hang TBXM
chuyén vi 16n nhat xuit hién ¢ vi tri cach

vi 92 mm thi twong dwong véi chiéu dai ranh
dao 4 m, gia c6 2 hang TDXM, lun 1a -34 mm,
chuyén vi 93 mm, xem Bang 4.
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Hinh10. Két qua tinh toan 1tn cia cac
truong hop tng vai 2 hang TBXM
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Hinh12. Két qua tinh toan chuyén vi
cua céc truong hop tng vaéi 2 hang TBXM

miéng hé dao chi con khoang 7 m (hinh 12).
banh gia kha nang pha hoai cbng trinh
lan can khi thi cdng h dao theo Bjerrum
(Chang, 2006), truong hop TH4-2 la anh
huong nho nhit dén cong trinh 1an can, nén
céng trinh bi lGn nho -18 mm, khéng anh
huong dén két ciu cua tda nha, Bang 4.
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Bang 4
Danh gia kha ning pha hoai cng trinh Ian can khi thi cong hé dao theo Bjerrum (Chang, 2006)
Trusng | Chuyen | |
hop tinh vi AL Dénh gia kha ning pha hoai cdng trinh 1an can
toan (mm) (mm)
TH1-1 575 -193 | 1/78 |Nguy co t6n hai dén két cdu cong trinh. | Anh huong
TH2-1 304 -101 | 1/149 |San va tudng xuat hién nirt dang ké. Anh huong
TH3-1 169 -53 | 1/283 | Xuét hién vét nut trén tuong. Anh huéng
TH4-1 92 -26 Ton hai dén két cau khung dam cua| Anh huong
1/577 |cbng trinh.
TH1-2 209 -90 | 1/167 | Céng trinh xuat hién nghiéng. Anh huong
TH2-2 143 -57 | 1/263 | Xuét hién vét nut trén tuong. Anh huong
TH3-2 96 -34 Anh huéng dén gigi han an toan nit cia| Anh huong
1/441 |cbng trinh.
TH4-2 56 -18 Anh hudng dén co ché nhay cam ldn. Khong anh
1/833 huéng

Cha y: L L& chiéu réng méng cua cdng trinh 1an cgn, L=15 m.

So sanh két qua tinh toan lan véi két qua
do dac lin cua cac cong trinh hé méng co
cong trinh 1an can ¢ Hong Kong cua Budge-
Reid, ta thdy truong hop TH3-2, TH4-1va
TH4-2 ¢6 d 1Gn nam trong pham vi ldn an

toan, hinh 13.
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Hinh 13. So sanh két qua tinh toan 1n véi két
qua do dac IUn cua cac cong trinh thuc té ¢
Hong Kéng

Theo tiéu chuan hé moéng Thuong Hai
(2010), khdng ché do 1an cho cdng trinh 1an
can 12 0.15% h = 0.15%x 13 = 19.5 mm. Két
qua tinh toén truong hop TH4-2 14 18 mm <
19.5 mm (gié& tri cho phép), thoa man.

Dua vao cac danh gia trén vé lGn cong

trinh 1&n can, chuyén vi ngang va hinh thac
pha hoai vach hé dao, chon dugc phuong an
t6i wu 1a trudng hop TH4-2 (chiéu rong ranh
dao 1 = 3 m, vach hé dao duogc gia cd bang 2
hang TDXM c6 chiéu dai 22 m, duong kinh
tru ®800@600).

4. Két luan

Thong qua phan tich cac truong hop thi
cong hd dao dé lam tuwong lién tuc canh céc
cong trinh xay dung, bai béo cd thé dua ra
maot s két luan nhu sau:

- Khi vach hb dao khong duogc gia cb thi
xay ra hién twong pha hoai tong thé, phéa hoai
nay khong con xuét hién khi st dung TDXM
dé gia c6 va lic nay véach hé dao chi bi phé
hoai cuc bo tai vi tri 16p dat yéu xen kep.

- Vi trf c6 @6 1Un 16n nhét tap trung & phia
mép hé mong. Vi tri pha hoai phu thudc vao
s6 hang TDXM gia c¢6, khi s6 hang TDXM it
thi vi tri pha hoai & xa hon khi sé lwong hang
coc tang lén.

- Nghién ctu tiép theo s& tap trung vao
phan tich tim giai phap gia cé tai khu vyuc gan
v6i méng caa cdng trinh 1an can dé giam bét
s6 hang TDXMME
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