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TGM TAT:

Khoan kich dng ngém |3 mat phureng phép thi cang dao ngdm pha
hop viri céc dudng dng ky thuat da thi (Gng thong tin, cép, dién. cép
thoat nwac...). Day [a mat phuong phép thi cang hiéu qué trong vigc
sir dung quy dat da thi, gidp gidm thiu tac dang tiéu cuc dén mai
trudng va cudc sdng thang thuang cia khu vire. Trong bai béo nay
trinh bay mat sd khia canh cia tinh toan thigt k& dn dinh coa duang
fing thi cong bing phueng phap khoan kich ngdm. Cudi cing 13 vi dy
tinh toan lam sang ta cac khia canh ki thuat cia bai toan thigt ke
dwang dng va kha nang img dung cda phuang phéap khoan kich ngdm
trong da thi.

Tir khaa: Phuong phap dao ngdm; duramg dng; khoan kich ngdm; dn

dinh; da thi.

ABSTRACT:

Pipe jacking is a trenchless method for urban infrastructure
pipeline (communication pipes, cable, power, water supply and
sewer ..). This is an efficiency construction for urban land use.
minimization the negative impact on the environment and the
normal life of citizen. In this paper, the discussions will range
across not only specific aspects of microtunneling but also
evaluations stability of the pipeline in pipe jacking construction.
Finally, an example would clear the technical aspects of the pipe
designs and application of pipe jacking in urban areas.

Keywords: Trenchless methods; pipeline; pipe jacking; stability;
urban.

1. MG PAU

Ngay tur thdi c8 dai, con ngudi da biét st dung cac dudng 6ng
cho muc dich tudi tiéu va thly lgi; hién van con dé lai nhiing tan tich
trén khap thé gisi nhu Trung Qudc, Ai cap, Hy lap, ... Trai qua hang
ngan nam, cac ky thuat xay dung dudng éng da khong ngung phat
trién va hoan thién. Cho dén nay c6 rat nhiéu phuang phap thi céng
dudng 6ng da dugc ap dung vdi nhiéu cong nghé khac nhau, song
c6 thé phan thanh hai nhém ky thuat chinh la: ky thuat dao hég, con
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goi la dao 16 thién/dao va lap (Trench Technology) va ky thuat dao
ngam (Trenchless Technology/No-dig) [1].

Cling v&i yéu cau clia st dung quy dat do thi va su tién bé cla
khoa hoc cédng nghé, ky thuat dao ngam la mét phuong phap xay
dung ngam dé 13p dat, stia chira va lam méi cac dudng 8ng, 6ng dan
va day cap ngadm bang cach st dung cac ky thuat gidp gidm thiéu
hoac loai bd nhu cau dao trong diéu kién khéng gian han ché, noi
chiing dugc dat bang phuong phap (md) truyén théng la khé khan,
khong thé hodc cé thé la qua tén kém [3], [6]. Day la ky thuat xay
dung hiéu qua khi xay dung cac dudng éng d6 thi dat sau, dac biét
la khi xay dung cac dudng 6ng dang 6ng c6 mat cat ngang tron
hoac hinh chir nhat.

Phuong phap nay khéng yéu cau dao hao/ranh doc theo tuyén
dat 6ng, gidm thiéu tac dong tiéu cuc dén moi trudng va cudc séng
thong thuong cua khu vuc (dac biét la & d6 thi) trong qua trinh xay
dung. Hién nay 6 rat nhiéu cdng nghé trong ky thuat dao ngam.
Hinh 1 gidi thiéu mét cach phan loai cac cong nghé dao ngam. Hé
théng nay chia cdng nghé thanh ba loai chinh : (1) khoan dinh
hudng (khoan ngang), (2) khoan kich ngam/kich ddy 6ng, (3)
phuong phap dao ngam (lam ham).

Cong nghé khoan kich ngam 6ng la ky thuat dao ngam cho
phép thi cdng cac dudng 6ng véi dudng kinh thay déi tir 1069mm
(42 inch) dén 4700mm (185 inch) hodc cac dudng éng cbé mat cat
hinh chir nhat cé kich thudc dén (20x7)m ma khong gay ra su anh
hudng dang ké dén hoat dong trén bé mat. Cong nghé nay bao gém
viéc ddy mot day cac 6ng trong long dat tir mét giéng kich d&n mét
giéng nhan, trong khi dao dat & dau 6ng bang cac thiét bi ca khi hay
cac thiét bi dao bang thu cong. Trong qua trinh dao, cac 6ng dugc
dat lan lugt tiing 6ng Mot xudng giéng kich, lién két vao cudi clia
day 6ng va dugc ddy dén mét khoang cach cho phép dat 6ng tiép
theo xuéng. Chu trinh nay dugc lap di lap lai cho dén khi day éng
xuyén dén giéng nhan, c6 khoang cach thudng la tir 50 dén 500m
dai véi giéng kich [1].

Cac uu diém ctia cong nghé khoan kich ngdm va dugc khuyén
khich &p dung trong céc diéu kién sau:

- Cac doan tuyén dai tai nhiing noi c6 mat doé phét trién d6 thi
hodc trong diéu kién c6 su bao hoa I6n ctia khong gian ngam hoac
diéu kién giao théng hién tai, trong diéu kién quy hoach dé thi va
dia chat ky thuat kho khan;

- Trén cac doan dudng 6ng ngan dé vugt qua cac chudng ngai
vat khac nhau dugi dudng sat, dudng cao tdc, cac tién ich ngam,
duong nudc va cac chudng ngai vat khac;

- Dudi céc khu vuc di tich lich sti/kién trac hodc cac khu bao
tén khéng cho phép thay d8i dién mao hién cé theo phuong
phép dao mé.
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Hinh 2. Mé t& so d6 cong nghé khoan kich 6ng ngam [7]

Cac thanh phan chinh trong c6ng nghé khoan kich ngam bao
goém:
- Dao dat bang may dao ca gidi hda va gilr 8n dinh bé mat;
- Théi bo dat dao hodc cac sdn pham sau khi dao;
- Giam sat va hiéu chinh quy dao;
- Lap dat dudng 6ng bang cach kich éng.
Tuy theo diéu kién cu thé clia tiing du &n ma viéc bé tri so d6 cong
nghé c6 thé khac nhau dugc thé hién trong Hinh 2.

2.DACPIEM VA YEU CAU THIET KE CUA VO BUGNG ONG THI
CONG BANG PHUGNG PHAP KHOAN KiCH NGAM

Dic diém cla két cdu vé dudng 6ng khan kich ngam la ét cau
6ng déng vai trd quan trong trong suét giai doan thi cong khoan
kich ngam va trong qua trinh khai thac cta cong trinh. Trong giai
doan thi cédng khoan kich ngam né déng vai tro: (1) la 16p vé chiu

Iyc cho dudng 6ng; (2) truyén luc khoan kich ngam t&i khién dao
hoac may dao ham; (3) dam béo I8i cdng tac va ti€p can guong dao;
(4) d@dm bao 16i van chuyén dat bun da dao ra; va (5) tao diéu kién
cho viéc thuc hién chéng d& guang dao [2], [7], [9].

Do dac diém ctia dudng 8ng khoan kich ngam, bén canh céc ap
lyc théng thudng can xac dinh lyc ddy P can thiét dé kich éng
dugc xac dinh bang téng ap sut & dau may khoan R va tac dung
Ua luc ma sat F ti€p xuc gira dat va dudng 6ng dugc mo ta trong
Hinh 4.

DE tinh toén thiét ké thi cong dudng 6ng khoan kich ngdm cén
phai xac dinh cac thanh phan sau :

- Tinh toan luc ma sat gitia dat - dudng éng.

- Tinh toan 6n dinh clia guong dao.

- Tinh toan luc ddy t8i da cho phép.
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P la chiéu dai doan da dao chua dugc chéng d& ngay phia sau
guong dao.

Trong nhiing dudng 6ng khoan kich ngam 6ng, chiéu dai khéng
chéng P thudng nhoé hodc bang 0, va P/D. = 0.

Qua trinh dao dugc én dinh néu ap suat bén trong o1 nhé hon

TR ' hodc bang 0.
i Kich ddy ddu d2o vio trong dat } Bang 1. Gia tri ma sét gira dat va dudng éng [9]
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Hinh 3. S¢ d6 cac budc thi cong khoan kich ngam [1]
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Hinh 4. S d tinh todn dutng dng khoan kich ngam [7]

& day, gia tri ma sat 1a gia tri dugc dac trung cho cac théng s6
khac nhu dao vuot, chiéu day tang phu, hiéu chinh quy dao hoac
khoi lugng chat béi tron dugc bom vao. Cac gia tri dugc nhom lai
vGi nhau thanh 6 loai dat c6 cac dac tinh chung dugc xac dinh duéi
day (Bang 1).

a) Trudng hop dat dinh: ap lyc can thiét d€ duy tri dao 6n dinh
dugc cho theo quan hé sau:

D
c, >y(H+ ;J—TCSU M

Trong do:

y la trong lugng riéng clia dat;

H chiéu day tang phi/chiéu sau dat dudng 6ng

Su la stic khang cat khong thoét nudc caa dat;

Tcla hé s6 8n dinh dugc xac dinh theo ty s6 H/D. va gia tri P/De.
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HiDe

Hinh 5. Biéu d6 tra hé s6 6n dinh Tc[9]

D& ngan can trudng hap ap luc ting vugt qua ap luc guong dao
cho phép - c6 thé gay ra hién tugng bung “blow -out” dat xung
quanh guong dao thi:

D
o, <y(H+ 23)+TCSU @

Nhu vay c6 thé xay ra hai trudng hgp mat 8n dinh guong dao dé la:
Trudng hop 1: mat dat trudc guong dao co6 xu hudng bi lin
xuéng (Hinh 6)
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Hinh 6. Khdi dat phia trudc guong dao c6 xu thé bi lin xudng [9]



Trudng hop 2: mat dat truéc guang dao bi day tréi nhu Hinhé.

T

Hinh 7. Khai dat trudc guong dao c6 xu thé bi day tréi [9]

Vi vay, vGi dat mém can dua vao mot hé s6 an toan tir 1,5 + 2
nhan vai gia trj stic khang Su cho ca hai trudng hgp dé xac dinh gidi
han c6 thé chdp nhan dé ngan hién tugng ddy tréi hoac lun xudng
khi thuc hién khoan kich ngam.

Phuong trinh tinh todn ap luc chdng can thiét dé gitt dudng ham
khéng bi Itn nhu trong céng thic (2) ¢6 thé dugc viét lai nhu sau:

D
ﬁ>y < £+l -T (3)
S S,\D, 2

u

O
Trong phuong trinh (3) ty s6 S—T phu thudc nhiéu théng sé

u

€

trong d6 c6 yD/Su va dugc thé hién trén Hinh 7 véi cac gia tri Y

khac nhau.
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Hinh 7. Quan hé giita dp luc guong daova Y trong dét dinh [9]

u
Tu Hinh 6 nhan thay khi cac gia tri cla G, nhé hon 0 chiing t6

rang ham 6n dinh ma khéng can bat cir ap luc chéng d& nao. Cha y
rang déi vai cac dudng 6ng khoan kich ngam nhé va via, trong hau

hét cac trudng hop thi YS—E nhd hon rat nhiéu so véi 1, guong dao

thudng én dinh.

3.ViDU TINH TOAN

S4 liéu ban dau:

Cho dudng 6ng thi cong khoan kich ngam trong khu vuc dé thi,
nam dudi muc nudc ngam 1,5 m, dudng 6ng nam trong lop dat co
gia tri xuyén tiéu chuan N = 30; cudng dé khang cat khéng thoat
nudGc Su= 135 kN/m? mé dun bién dang cia dat Es= 100x103 kN/m?2.
Stic khdng ma sat ctia dat sét dugc xac dinh F = 54 kN/m.

Thong s6 clia cac I16p dat nhu sau:

+ L&p dat 1 co trong lugng riéng bao hoa y'1= 19 kN/m3, chiéu
day 7 m.

+ L&p dat 2 la dat sét co trong lugng riéng bao hoay'z= 21 kN/m?,
ko=1,6

Chiéu sau dat dudng 6ng: H=12,0m

Budng kinh trong ctia 6ng: Di= 1, 47m = 1470 mm

Budng kinh ngoai ctia 6ng: De = 1,8m = 1800 mm

Chiéu day dudng 6ng t = 165mm

Yéu cau:

- Tinh 6n dinh ctia guong dao va hé sé an toan.

- Tinh bién dang va chuyén vi ciia dudng 6ng.

- Tinh ma sat clia 6ng va tai trong tac dung |én maoi néi 6ng.

L& gidi:

i). Tinh én dinh cta guong dao va hé sé an toan:

Tinh toan &p luc tac dung Ién dudng éng

Do dudng 6ng nam dudi muc nudc ngam, nén chiu tac dung
clia ap luc nudc thay tinh. Ap luc dat da tac dung lén dudng éng
dugc tinh theo trong lugng clia cot dat phia trén dudng 6ng.

+ Ap lyc d4t tac dung Ién dudng 8ng:

n
o, =Y yh =7x19+4,25x21=222 kN/m’
=1
+ Ap luc nuéc: Ap luc nudc thay tinh tinh dén truc cda tim dudng
éng
P, :(11,25—1,5)><10=95,5 KN/m’
+ Ung suét c6 hiéu thdng duing tac dung Ién dudng 6ng:
o, =0, —P =124,5kN/m’
+ Vi ko =1,6, ta 6 ting suat cé hiéu nam ngang cla dat tai truc
cUa tim dudng 6ng :
o, =k,0, =1,6x124,5=200 KN/ m’
o Téng Ung sudt nam ngang tac dung lén truc cda tim dudng
éng:

0. =0, +P, =200+97,5=297,5 kN/m’

Ong BTCT c6 trong lugng riéng p=24 kN/m3; ta c6 trong lugng
cta dudng 6ng la:

W =%(d§ ~d?)x24=203 kN/m

Tinh toadn 6n dinh ctia guang dao:
Ta ¢, chiéu day tang phu tinh dén tim dudng 6ng.
H=12,0-1,47-0,165=10,4 m

H 104

Xét ti s6 —— =5,77 va 1 =( kiém tra diéu kién tai
1,8

€ €

guong dao

Tra biéu d6 Hinh 4,tac6Tc=9

Thay vao ta tinh dugc, theo diéu kién

o, =0, - TS, =222-9x135<<0 do véy guong dao én
dinh
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hinh tron nhu 1a ham caa K (Terzaghi and Rechart. 1952).

Hinh 8. Tinh todn &p luc dat theo Terzaghi [7]

TU Hinh 5, ta ¢6 8n dinh clia dudng dao xac dinh nhu sau:
H 104
- = 2 :5,77;120;-“:4,2
D, 18 D,

o, =0,-TS,=222-4,2x135<<0-> duong dao rat én
dinh, hé s6 an toan F$>2,5

ii). Tinh bién dang va chuyén vi ctia dudng éng:

Tinh toan chuyén vi ctia dat nén

5 = (1—‘/2)De (30, +0y) 5 (1_‘,2)De (30, +0,)

E, E
Vi diéu kién khong thoat nudc ngay lap tuc sau khi dao

o, =222 kN/m’;0, =298 KN/ m’;
E, =100x10° KN/m’;v=0,5

Thay s6 vao ta dugc: 9, =13 mny, 6,=151mm

Bién dang lau dai do thoat nuéc nhu sau:

Diéu kién thoat nudc day du:

B

2(1+v)
v'=0,2.

(v6i G 1a mo dun trugt, 1a nhu nhau vai diéu kién thoat nudc va
khéng thoat nudc)

Vivay, E =0,8E,, taco; &, =16,3mm &, =18,8mm

Nhan xét: d€ han ché cac bién dang dan héi do dat nén tac
dung lén dudng 6ng, nén b sung thém phan dao ma réng bang
25mm.

iii) Tinh toan bién dang cuc b caa dat:

Kiém tra bién dang cuc b6 clia dat nén xung quanh dudng 6ng

Taco: 0, =222kN/m?; 0, = 298kN/ m’;

o, 298

T
Ung suét cuc bé trén chu vi clia dudng éng:
. =(~1+3K) 0, =(~1+3x1,34)x222 = 666kN / m

N

_L véi hé s6 poiison dién hinh
2(1+v)

u

Hé s6 ap luc hong K= 1,34
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Tai truc cda tim dudng éng

0 =(3-k) o, =(3-1,34)x222 =368kN/m’

Nhan xét: bién dang cuc bo sé xuat hien néu o, —0,, > 25,
Véi dudng 6ng khong dugce gia c6 bang éap luc tai guong thi

GT:O va ca& hai gia tri O, va O_ déu I6n hon

ca
2S, =270kN/nw’

Vi vay, bién dang cuc bé sé xuat hién trir khi dudng 6ng duoc
gia c6 bang ap luc bang vita bun boi tran phu hop véi ap luc bun
666 —270 ~ 400kN /m?.

Néu xuat hién bién dang cuc bé, viéc du doan cac ting suat ti€p
xuc gitta dudng éng va dat nén la khong kha thi néu khéng st dung
cac phan tich phan td hitu han. Tuy nhién bién dang cuc b cé thé
dugc lam gidam di bang cach dao md& rong nhiéu hon va tri khi &
nhng vi tri ma lun bé mat hodc ltn dudi bé mat la mét van dé 16n
thi nén dao mé rong co6 thé tang dén pham vi 40mm trén dudng
kinh éng.

iv) Tinh toan chuyén vi ctia dat nén

Néu dao vugt 40mm =0,04m theo chu vi cia dudng 6ng, khi do
dat nén sé it ti€p xdc hoan toan véi dudng 6ng. D6 lun I6n nhat dugc
xac dinh bang viéc mat thé tich dat va tinh theo cong thuc:

%(1,84—1,8) =0,1144m’ /m

VS

Do guong dao rat 8n dinh nén d6 1an ctia do mat thé tich dat
dugc bd qua; diém bt dau xuat hién ltn nhu sau:

i=0,43z+1,2=15,94m véiz la chiéu sau tinh dén truc
tim dudng 6ng, z=11,25m.

Khidé, S VS 0’1144 7,7mm
! O’ max = . = = 2
N2 4J2%x3,14%x5,94
Néu dao vuat I6n dén 50mm thi
Vv, = %(1,85 ~1,8)=0,143m° /m va
Vv 0,143
max = ,6mm

N 271 B \J2x3,14x5,94
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Hinh 9. Luc kich 6ng va tdi trong méi ndi [5]

Nhén xét: Trong ca hai truong hgp chiéu réng clia mang lun ~
6i ~ 36m. Khi dudng 6ng dat néng, mang Iin rong va rong nhu vay
khé c6 thé gay ra bat ky su c6 nao trir khi c6 két cdu hodc dich vu
nhay cam nam phia bén trén clia dudng 6ng.

v) Tinh ma sat trén thanh 6ng va tai trong méi néi éng

Tinh ma sat trén thanh éng:

DE& danh gia ma sat [én thanh 6ng, trong diéu kién dat sét, véi
Iuc ma sat gilra dat va dudng 6ng F =54 kN/m.

Khi tinh dén luc ma sat tang lén do nguling kich (tinh vai gia tri
tang 50%) ta 6 Fmax =81 kN/m

Tinh toan maéi néi éng

S dung tdm dém bang bia cliing hodc gbé MPF c6 chiéu rong
130mm, chiéu day 18mm, dugc dat & vi tri 15mm vé phia trong cla
bé mat dudng 6ng. Cho phép goc léch truc tuyén 16n nhat cda méi
ndi 1a 0,5° doi hai phai c6 su kiém soat chinh xac dudng cong cla
truc dudng 6ng (hinh 10).

Luc kich 6ng t6i da tai goc léch 0,5° la 440T ~ 4400 kN. Khi d6
chiéu dai cta cac doan kich trung gian la

4400
interjack =7 7 54m

& doan kich dau tién bao gém ca luc kich ban dau clia may, Po =
300 kN

Khi d6 khoadng cich dén 6ng kich trung gian dau tién

4400-300 ~50m

81

Tu cac diéu kién bén trén, nén bé tri 6ng kich trung gian dau tién
vGi khoang cach 45m (sau 18 6ng ; chiéu dai 6ng L=2,5m), doan tiép
theo 1a 20 6ng (50m). Viéc quan sat qua trinh kich va st dung chat
boi tron co thé can diéu chinh trong thuc té.

+ On dinh ctia guong ham: rat 8n dinh, hé sé an toan FS = 5,0.

+ On dinh ctia dudng dao rat 8n dinh, hé sé an toan FS = 2,5.

+ Bién dang dan héi ctia nén: dé ngin ngura bién dang ctia nén
dat do su 1ap bit dat lén dudng éng, st dung gia tri dao vugt ban
dau 25 mm.

+ Bién dang cuc bo clia dat nén: bién dang cuc bd xuat hién tri
khi dudng 6ng dugc gia ¢ bang ap luc guong 400 kN/m? véi vat
liu boi tran phu hgp. Diéu nay ciing c6 thé dat dugc khi lugng dao
vugt [én 40 mm véi diéu kién xem xét anh hudng cda lun.
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4, KET LUAN

Khoan kich ngam la mét phuong phap ma trong trudng hop thi
céng dao ma tur trén mat dat xuéng gap nhiéu kho khan tai cac
tuyén duong c6 mat do giao théng cao hodc c6 nhiéu céng trinh
ngam hién hitu day dac. Dac biét, khi thi cong dudng éng khoan
kich ngam, viéc tinh toan 6n dinh cla dudng 6ng la mot khia canh
ky thuat can dugc chu trong vi su mat 8n dinh clia dudng 6ng va
mat mat thé tich dat xung quanh dudng dao c6 thé gay ra cac hién
tugng lan, sut, mat én dinh trong qua trinh thi céng.

Bén canh d6, vdi cac dudng 6ng khoan kich ngam duoc gitt 6n
dinh b&ng cac vita bun béi tron xung quanh nén dat, c6 thé st dung
céc gia tri dao vugt nham han ché anh hudng cda lan va mat thé
tich dat bang viéc b6 sung lugng dao vugt phu hop nhu duge minh
hoa sang té trong vi du tinh todn clia muc 3.

Viéc phan tich va tinh toan dudng éng khoan kich ngam co
nhiéu cac yéu t6 bat dinh anh hudng dén qua trinh thiét ké va thi
céng dudng 8ng khoan kich ngadm, do vay viéc can trong trong tinh
toan 6n dinh dudng 6ng can dugc phan tich ky ludng nham dam
bao tranh cac rui ro trong thi cdng khoan kich ngam nhat la trong
khu vuc dé thi.
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