KHOA HOC & CONG NGHE

Mai lop dng cho cong trinh ham dao néng

tai dé thi

Pipe roofs for shallow tunneling in urban condition

Tom tat

Trong khi xay dung ham dang la lua chon cho cac du an ¢ sé ha ting
trong khu vuc d thi hoa, thi nhu cau vé xay dung déi véi ham néng
dat gan khu vuc ha tang va cong trinh nha dan ngay mét gia tang.
Khi ma dong cira trong thoi gian dai ctia cac duong ray tau hodc
duong bo dang hoat ddng la khong dugc phép, thi phuong phap dao
mé bén dudi ga hodc toa nha lai khéng kha thi trong dé thi luén tac
nghén va chat chdi. Do d6, cac phuong phap dao ngam an toan bén
dudi cac ha tang d6 thi can duoc thiét ké. Bai viét nay nghién ciu
caclva chon va thach thiic lién quan dén phuaong an thi céng thiét

bi chdng d6 truéc dwéi dang mai lgp 6ng khung thép. Cac thach thiic
kij thut va thi céng cho cac lua chon ham sau hen ciing nhu thi cong
ham giao cat nong sé dugc thao luan, va nhiing thay thé kha di cho
viéc thi cdng mai lgp 6ng ngam. Bai bao trinh bay anh huéng ciia mai
Igp éng trén bé mat dn dinh dugc st dung béi mé hinh sd 3D va cac
két qua dugc so sanh véi cdc mé hinh can bang gidi han truyén théng
bang cach sir dung ap luc dat qua tai tac dung lén cac dam trén nén
dan hoi.

Tir khéa: chdng da trudc, dao md, ham ndng, ky thudt dao hdp, mdi lgp dng

Abstract

Demands for shallow tunneling which is close to existing buildings or
infrastructure, are increasing while tunneling continues to be the choice for
structural projects in urban areas. While closing of existing rail lines or roads
for along duration is not be allowed, open cut methods under remaining
stations or buildings are not feasible in congested urban areas near busy roads
and underground utilities. Methods to allow tunneling safely underneath
current infrastructure, therefore, are necessary to be designed. This paper
investigates the opportunities and challenges associated with installing
pre-support in the form of pipe roofs with steel frames as one such method.
The challenges of deeper options as well as shallow crossings, in terms of
engineering and construction, are discussed, including possible alternatives
to underground pipe roof installation. This paper presents the effects of pipe
roofs on surface stability using a 3D numerical model and the results are
compared with conventional limited equilibrium models using overburden
earth pressure applying on elastic foundation beams.

Key words: cut and cover, jacked boxes, pipe proof, pre-support, shallow
tunneling
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1. Tdng quan

Cac do thi trén thé gi¢i ngay cang tré nén chat chdi hon
khi dan sé tang cao, do d6 nhu ciu xay dwng cac co s& ha
tAng ma&i dé dap tng duoc sy tang trwdng vé dan sb, trong
khi cac khéng gian c6 s&n cho cac dich vu nay thi ngay cang
gidm di. Do d6, phwong phap dao ngdm thudng dwoc ap
dung dé xay dwng nhirng co sé& ha tang va dich vu mé&i dudi
mat d4t va dwoc dat gan co s& ha tAng co sén. Cac ky thuat
xay dwng ngdm ma han ché tac dong lén co sé ha tAng xung
quanh sé ngay mét tré nén quan trong hon. Mét trong nhivng
ky thuat dé la st dung mai lop dng dé& chéng d& trong qua
trinh dao nhitng dwérng hdm néng, thweng dwoc st dung
cho viéc xay dwng nhitng giao cit dwdng bd hodc dwong
ray c6 san. Cac loai khac nhau ctia mai lop éng va phwong
phap dao hdm sé dwoc mo ta trong bai bao nay.

2. Cac nguyén tac xay dwng ham mai lop 6ng

Xay dwng dwdng ham bang mai lop dng dwoc biét dén
b&i nhiéu tén goi khac nhau nhw: cac 6ng tan, mai lop éng,
mai 6 bang 6ng, hé thédng chéng d& trwéc. Tat ca nhirng tén
goi nay déu lién hé t&i k§ thuat trong d6 st dung 6ng thép
doéng vao dat nén va xung quanh dwong ham, phia truwéc
mat gwong dao va c6 tac dung nhw [& mét mai che va chéng
d& bé mat nhw Hinh 1.

Hinh 1. Nguyén tac két cau cia mai Igp bing 6ng

Hinh 2 bén tay phai cho thdy may dao ham siéu nhd khi
thi cong cac dwdng kinh I&n hon. Khi thi cong cac éng véi
dwérng kinh 1én hon khoang 600mm, én dinh gwong dao va
IGn b& mat c&n phai xem xét vé& tinh &n dinh va do lun déi véi
viéc dao ham. Thi cong cac 16 khoan dan thuwéng sé nhanh
hon va kinh t& hon, trong trwéng hop dét nén khéng én dinh
may dao ham siéu nhd vé&i didu &p bé mét gwong dao cé thé
dwoc str dung nham giam thidu d6 IGn va tranh cho cac éng
dan dong bj ket.

3. Cac loai két cadu mai lop éng

Ngoai nhitng hé thdng chdng truéc da dé cap trong dao
ham, cac phwong phap thi cong dién hinh dbéi véi mai lop
éng dwoc str dung bao gdm dao ham hdp kich va dao ther tw
véi khung d& bang thép, trong dé két ciu bé tong cét thép
tai hién trwong sé dwoc dd ngay sau dé. Cac phwong phap
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nay s& dwoc mo ta chi tiét sau day.
3.1. Thi céng hdm hép kich

Thi céng hdm hép kich 1a qua trinh thi céng cac miéng
ghép khéi bé téng cét thép hinh chi¥ nhap dwéi khu vuc ha
tang ky thuat c6 san va thwong dwoc dat dudi ke, bang cach
st dung kich thuy Iwc I&n. Vi du cla k¥ thuat thi cong hop kich
khéng c6 mai lop 6ng la dwérng hdm 190 trong Dy &n Central
Artery/ Buong hdm tai Boston (CA/T), Massachusetts, Hoa
Ky [1], noi ma dat dong bang dwoc st dung nham 6n dinh
d4t nén va gidm thidu 1tn [2]. Mat cét cla duwdng ham két néi
v&i san bay bén dwéi san bay va duwdng ray Caboolture tai
Brisbane, Uc 1& mét vi du cia dwérng hdm kich ddy dwoc bao
pht b&i mai lop éng [3].
3.2. D6 bé téng hién trurong véi hé chéng dé bang khung
thép

Trong trwdng hop db bé téng hién trwerng dbéi véi két ciu
ham, dat nén ban dau tam thdi dwoc chbng d& day du boi
cac bng thép va khung thép bén trong. Cac khung thép sé
dwoc gitv lai va dd bé téng khi két cAu cubi cung dwoc thi
cong. Cach lam nay tbn it vat liéu va phai dao it hon do két
cAu tam thoi va két ciu vinh ctru duoc két hop. Khi bé tong
dat d0 cudng dd, cac cot thép thira cé thé dwoc cat va bé di.

4. Xem xét diéu kién dat nén
4.1. On dinh méat guong dao

C6 hai van dé vé 6n dinh mat gwong dao can xem xét
trong thiét ké mai lop 6ng. DAu tién, s mét dn dinh ngay
lap tirc ciia mat guwong dao co thé xay ra trong qua trinh thi
cbng ong lop. Quan sat cho thay hau hét dd lun xuat hién
trong qua trinh ong lgp dang duwoc thi cong [4]. Do do, trong
khi vire xay ra ltn, may dao ham loai nho véi ap lwc bé mat

lwc chéng d& Sk. Khi géc nghiéng thay dbi, luc ddy tién phia
trwéc thay dbi, va ap lwc chéng d& hiru hiéu dwoc cung cip
b&i neo cling thay déi.
4.2. b6 lun

Hinh 4 th& hién mbi quan hé gitra diéu kién dia hinh da
cho va dia chét dia tAng trong mé hinh 3D. Gia tri nay dwoc
diing dé xac dinh ap lwc chdng d& nhé nhat can dé dat dwoc
véi khéi lwong dat dao cu thé. Ngoai ra, phan IGn Ién xay ra
trong qua trinh dao hdm do cé sw chénh l&éch khoang cach
gitra dwong kinh hd dao va dwong kinh ctia 6ng. Do d6, ap
lwc bentonite hinh vom cung (trong qua trinh dao hdm nho)
va phun vira hinh vom cung (sau khi hoan thién tirng éng
mai) phai dwgc xem xét can trong trong chi dan thiét ké.

Trong trwéng hop bé mat gwong dao khdng én dinh hodc
bi Itin qua I&n, tinh chét ctia d4t c6 thé dwoc cai thién thong
qua viéc cai tao dat nén. Phun vira ap lwc cao 1a mét trong
nhirng phwong phap phd bién. Sy két hop clia déng dinh dat
va phun viva c6 két da dwoc st dung trong ky thuat dao hop
tai dw an lién két san bay Brisbane [6].

5. Vidu ap dung 1

Nghién ctru trudng hop giao cat dwong sat rong 35m
v&i 16p che phi han ché. Vi du vé thiét ké cia mot mai lop
4ng can xuyén qua, treong hop ctia dwérng hdm rong 35 m
dwdi 4 dwdng ray voi khoang 1,2 m dwgce bao phi (Hinh 5).
Mai lop 6ng thép tuan tw dwoc chdng d& béi khung két ciu
thép trong qua trinh dao ham dién ra. D6 IGn va d6 bién dang
dwoc phan tich, danh gia cac yéu cau vé cai tao nén dat va
xac dinh cac lyc trong cac cu kién thép.
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Lép dat bao gdm mot 16p dat cat phu sa day 1 m pha
I&n I&p dat con lai bén dwéi. Gia tri SPT N cla Iép day pha
dwoc gia dinh béng 5, gia tri con lai khi tang theo dd sau bén
dwdi lop dat la 12 va 49. Lop da ndm ngay bén dwéi khu vire
ddo. Khu vuc nay bao gdm 3 m da cwdng dd rat thdp (E =
85 Mpa), bén trén I&p da cudng d6 thap (E = 400 Mpa). Hai
tiéu chi chinh can dwoc kiém tra trong giai doan dau thiét ké
14 lun bé mat va lwc cla cac cAu kién thép.

5.1. Thiét ké két céu

Dé tinh so bo ciu kién, trwdc tién cac tai trong trén két
chu can dwoc xac dinh. Tai trong nay bao gém trong lwong
ban than cia dwéng dng bao gdm bé téng néu co, tai trong
dAt va tai trong bé mat bat ky c6 thé tac dung 1&n cong trinh,
vi du nhw tai trong ctia tau hod néu giao cat ndm ngay dusi
k& dwong sét. Thong thwdng nhirng giao cat rong va néng
véi toan bo tai trong qué tai sé& dwoc tinh dén (trong trwong
hop nay dwoc tinh véi trong lwgng don vi la 19 kN/m3).
Trong mét s trwdng hop nhat dinh, anh hwéng ctia mai vom
c6 thé dwoc k& dén vi du nhw viéc st dung ly thuyét silo ctia
Terzaghi.

Déi v&i vi du nay, gid st dng thép co dwong kinh 1000
mm, dd day t = 12,7 mm chira day vira cwéng dd 30 Mpa,
(y=22 kN/m®), tai trong trén céc 6ng nhw sau:

Tai trong ban than:

Qéng = Gthép * Aphun_vira

=1000* m*12,7*785*10-6 + o *n * 9752 *22 * 10-6

= 3,1 +16,4 = 19,5 kN/m.

Tai trong déat:

Qag = 1,1 * 19 =21 kN/m?

Hoat tai:

Tai trong clia tau tai d6 sau 1,1 m duoc lay x&p xi 60 kN/
m2 [7], [8]. Bao gom hé s6 dong 0,3 thi tai trong doan tau
bao gom:

Qau = (1+0,3) * 60 =78 KN/m?

Tai trong thém vao 4 kN/m? dwoc gia dinh cho tai trong

cla da balat, ray va ta vet.

Téng tai trong theo trang thai gi¢i han trong giai doan st
dung (SLS) la:
Psis=12*21+1,0*78 +1,2* 4 = 108 kN/m?
Téng tai trong theo trang thai gi¢i han cubi ciing (ULS) la:
Pus=15%21+16*78+1,4*4 =162 kN/m?
Tai d6 sau 1,1m, tai trong 1&n tirng 6ng thép bao gdm tai
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trong ban than la:
Qg s=1,07*19,5+108 * 1,1 = 138 kN/m
Psis=1,2%19,5+162* 1,1 =202 kN/m

Phan tich tinh toan lwc ciu kién da dwoc miéu ta nhw
sau.

Phuwong phap tinh toan lwc:

~Hé thong két cau cho cac ong c6 thé dugc gia thiét bang
moi noi mc“)-mer) co dinh, trong dé cac ong phia trwéc cﬁa’hé
dao §é dwoc co dinh trong dét‘ va Quqc ghim tai vj tri chong
do dau tjén. Phuong phap dé xuat st dung dd dai khong
dwoc chong d& 1,5 lan cho nhip wéc tinh dau tién [9].

Do dai khéng duoc chdng d& phu thudc vao do déc céd
thé c6 cta gwong dao tai vi tri hd dao van dang duoc on
dinh. Co6 thé kiém tra dod 6n dinh mat guong dao bang cach
st¢ dung phwong phap ké trén. Neu d6 doc gia thiét la 1:3,
thi do dai khéng dwoc chong d& = khoang cach dwoc chong
do + hhé 530/3.

Vi d6 cao hd dao 1a 8 m va khoang cach khung chéng
dé la 2 m, thi d6 dai khéng dwoc chong sé la:

Lkhéng_chéng =2+38/3 =4,7 m
Lcé_dinh =15" Lkhéng_chéng =15*47=7Tm

Ma6-men ubn I6n nhét va lyc cét clia ong thép (nhw dam
c6 khép d& mot dau) la:

Mmax;ULS = 1/8 * q * Lcé_djnh 2= 1225 kNm
Vmax;ULS =58*q* Lcé_dinh =875kN
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Hinh 6. Két qua phan tich cia Plaxis khéng cé (LHS) va véi cai thién dat nén (RHS) - miéu
ta do lan bé mat tai cac giai doan khac nhau, ho dao bat dau tir 32 m va dao truéc 0 m

SERE 5] =1 ]

Hinh 7. Piéu kién dia chat doc theo duong ham

5.2. Thiét ké dia ky thuét

Muc dich danh gia d6 1Gn bé mét va sau d6 thiét lap nhu
cau cai tao d4t nén, phan tich theo cac giai doan bang mo
hinh 2D da dwoc thwc hién.

Trwong hop co ban dwgc tinh toan véi cac thudc tinh
sau:
M6 dun ctia dat nén: E’ = 32,5 Mpa
Sirc khang dat khong thoat nwéc: cu = 125 kPa
Hinh 6 cho thay d6 Iin bé mat & mbi giai doan. Vé&i do
lan 1&n nhat trén 80 mm c6 thé coi la qua mic cho phép, vi
du néu cac hoat déng dwéng sét phai tiép tuc trong qué trinh
xay dwng. Mét phan tich khac dwoc thwe hién véi nén dat da
duwoc gia ¢d E' = 90 MPa va cu = 300 kPa, théng qua phut
vira, dwoc thé hién & bén phai hinh 6. V&i d6 lun téi da dat
dwogc la 27mm, gia tri nay dwoc chap nhan hon nhiéu so véi
gia tri trwdc. Phan tich nay cho thay trong déat yéu viéc cai
thién dat thwong dwoc yéu cau trong gidi han do Iun theo
thdi gian trong qua trinh dao ham. Diéu nay dac biét ding
v&i cac hd dao gan khu vie cong trinh xay dwng nhay cam.

6. Vi du ap dung 2
M6t vi du khac cla mai lop éng co dwong kinh 1on va

dieu kién bén dL’J’é’i co thé GU’Q’C st dung. Thiét ké két cau
dwoc xem xét doi véi mai lgp ong dwong kinh Ion twong tw
nhu trong Phwong phap tinh toan Iwc cda Vi du ap dung 1,
va khong dwoc l1ap lai & day.
6.1. Diéu kién dia chét va dat nén

Pwéng hdm trong nghién cvu nay ndm sau 13 m bén
dwéi cbt 0,0 m va dwoc dao trong dat hdn hop. Piéu kién
d4t nén thwerng bao gbm 3m dét Iap, cat phu sa va sét phu
sa b&i da granit phong hoa. N&n ctia d4 granit ndm & do cao
khoang 18 m dén 20 m dwdi mét dat. Dya trén cAu tric dia
chat nhw hinh 9, dwéng hdm dao dwoc dw kién ndm trong
d4t d& phong hoa granit.

Mot sb doan nhét dinh ctia hAm cé mai 6ng thép du kién
s& co dAt cat pha tai dinh hdm, diéu nay dan t¢i nguy co mét
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Hinh 8. Mit cit dién hinh cua du an dudng ndi

4n dinh mat gwong dao trong mai lop 6ng trong qua trinh
dao, tdng nguy co sut Itn trén mat dat. Két cdu chéng d& tam
thoi dwoc d& xuat bao gdm céc éng thép tao thanh khung
thép tam thdi nhw Hinh 8. Mai éng thép dwoc xay dung bang
cach str dung 13 thanh thép dwéng kinh 2m, hdp dng xung
quanh bién dwérng hdm str dung may dao hadm c& nhd mini
TBM. Buwéng kinh ctia cac 6ng thép dung cho dw an nay I&n
hon nhiéu so v&i cac dw an twong tuw.
6.2. Uu nhuoc diém ctia méi lop éng dwong kinh 16n

Uu diém chinh cla viéc st dung mai lop dng dwéng kinh
I&n la gidm thidu sb lwong éng thép st dung. Trong trwdng
hop nay sb lwong 6ng thép giam tir 42 6ng dwérng kinh 0,8
m thanh 13 &ng v&i duwdng kinh 2m. Ong thép cé dwdng kinh
I&n hon ciling cung c&p strc khang udn tét hon, do dé nhip
dao ciing 1&n hon, tuy nhién diéu nay ciing gay ra cac lyc

(xem tiép trang 81)
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4. Két luan

Trong qua trinh nudi bun hat hiéu khi, qua trinh hinh
thanh hat va qua Er‘mh loai bé cac chét hiru co trong nwéc
thai ludn dién ra déng thoi.

Hiéu qua loai bé bé trén 90%COD, trén 80% NH4+ - N.
Két qua nghién ctru x& ly co chét clia bun hat hiéu khi trén
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Mai lop 6ng cho cong trinh ham dao néng...

trong khung I&n va ban than khung cling nang hon so véi
yéu cau. Chiéu dai mdi dot dao dat dwoc ting lén t 1,5m
t&i 6,0m. Nhwoc didm la gidi han sy ép dun mét gwong dao,
dan dén gidm yéu cau lap dat bu-lbng bé mat. Bong thoi siv
dung loai 6ng c6 dueng kinh I16n hon dan dén thei gian han
méi ndi lau hon (khi dang tién hanh kich day) va lwong hw
hdng sé I1&n hon.

7. Két luan

Céc déc tinh va thiét k& hé théng mai lop 6ng trong hdm
trong khu vie dan cw da dwoc nghién clru. Bac biét tap trung
vao cac phuong phap thi cong éng thép cé dwdng kinh 16n
va thi cdng véi d6 vron dai phia trwéc hd ddo. Sau khi mai
lop 6ng chdng d& dwoc xay dwng, dwdng hadm sé duwoc dao
bén dwéi. Cac phwong phap phan tich lwc xuét hién trong
cac cAu kién chiju lwc, ciing nhw 8n dinh bé mét gwong dao
ciing da dwoc thdo luan trong bai viét nay. Mai lop ng co thé
hiéu qua trong viéc gidam dd lun va téng &n dinh gwong dao
ctia nhitng dweng hdm dao ndng. Do mai lop 6ng phu thude
vao sy chdng d& tir d4t nén chuwa dao trwéc bé mat gwong
dao, nén viéc cai thién dat nén 1a cn thiét, dic biét trong dat
yéu. Ong thép v&i dwdng kinh I6n, tlr 2m tré 1én, 1a mot wu
thé. Bai viét kién nghi nghién ctru thém vé tinh twong quan
gitra dd clrng duwdng bng, d6 cirng khung thép va khoang
céach gitra cac hé thdng nay trong giai doan thiét ké sau dé./.

(tiép theo trang 47)
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