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DiCu ki6n ndy thuong duo-c s, : - - :
5p luc bom dung dich €n thi.gt ille -f* (:r thi
c6ng cluong n6m bing citc mity arc ..:i- 

=U va
c5c mdy dio . him tl6t diCn nh6 TBtt 'ca m5y
khoan kich ngAm c6 duong kir*t rirorg oE -r 0.5
d6n 3.0 m) voi cac duong kinh tfey dd :a :dc d6
s6u vd trong di6u ki6n dia cfrat ldrac rra- -.-- t6l,
t7l, tgl. Khi bom dung dlcfr btrn ? -:d guc.rc dao
hoec ta.i du6i miiy dao h6m vdi 69 uc r-r qud
l6n, kh6i cl5t phia tren m6y dao ran se q iey il6i
l6n. Dung dich btn khi drc sE lhcrfr.ra rpnd'ra dp
luc tai bC mdt guong dao se $tn A rgq_ g"V ru
su mat 6n dinh mdt guong dao ya s-o m nen O5t,
g6y hu h6ng miy ddo him va ngr.ru, ff c6rg. dnh
hudng tt6n cac c6ng fiinh En cer rcn U5 mAt.
HiQn tuqng nay duoc dlnh ngh-ra E hen urqng ddy
tr6i khi thi c6ng duong h5m-

Trong thi6t t6 tni cOng &rung t*r ap h.rc bom
dung dich g6y ra hi6n hrvrE Cy tti drvc s& dung
nhu tti6u ki6n bi6n trCn dE t-rf rdr 5p luc bom
dung dich t&n nn5t. VlCc rcan sctst 6p tr,rc bom
dung dich trong que finh tri EE dlrcrng ham tai vi
tri guong dao ho5c tai GJ.i rftay ttao hAm quy6t
dinh su thanh c6ng oia du en" COng tac ndy phu
th.u6c kinh nghi6m o:a .rrgl{o" qr hanh mdy dao
h6m cOng nhu nguoi firiet ka! Bi cfiuc tri c6ng.

. Hi6n tuong day fd kh fri cor6 duong hAm
bdng may ddro ham TBM € xdy ra tai m6t s6 dLp en
dudng hdm k6n thii gi<ri. Sir ci ci6y tr6i dAu ti6n tqi
Duc nim 1909 khi thl corg dLrong hAm Old Elbe.
Su cO ti6p theo di xdy .a -€r dU dn duong ham
Second Heinenoord Tunnel vio nim 1997 tqi Hd
Lan g6y ra sut l[n nghiCm tpng va girin doan thi
c6^ng trong rn."J UrT gian dai. Sau d6, nghien cou
hi6n tuong ct6y ir6i tl- dusc ti6n hanh tai Geo
Delft, Hd I an duoi su giem s6t cua COB d trudng
Dai hoc Cong nghe Detft nhim x6c dinh cac
nguy6n nh6n. co ch6. c6c yilu t6 dnh hudng vd

c0no ncrnEp m6. sd s - 2ols

mm

fr u ph6t tri6n nhanh crla n6n kinh t6 xE h6i d5n
.\1 tt6n din cu tQp trung dong, tlfc bi6t tqi c6c khuv vLsc at6 thi. V5n dO tic nghOn giao th6ng
thudng xuydn xdy ra vd trd thdnh vAn nan cOa xE
h6i. Do khOng gian tr6n mdt d6t ngay cang trd n6n
chat hep, cac c6ng trinh ngAm thdnh ph6 hhu cec
tuyen metro, bdi d6 xe ngAm,...)trd n6n h6t suc cAn
thi6t. Hi6n nay, cac_c6ng nghe thi c6ng c6c c6ng
trinh ng5-m thAnh ph6 bing mdy cttro hdm TBIV ngiry
cdng ph6 bi6n vdr duqc r?ng dung rQng rdi tr6n ih6
gidi, dac bi6t hohg di6u ki6n dia ch5t det yCu, vdi
cdc yeu cAu khSt khe v6 d6 lin, gi6m thi6u mrlc d6
6nh hudng d6n c6ng trinh xung quanh. Trong tl6,
cdc du dn xay dung duong hAm co lop det phi
m6.ng,.y6u ld thdch thrlc lon khi thi c6ng. ciei phep
thi6t k6 cac nha ga, tuy6n ituong voi chi6u sdu n6ng
c6 c6c Lru di6m: tiet kiem chi phi xdy dung; gidm
thdi gian di chuy6n hdnh khdch.

1. T6ng quan
Tai cec thanh,ph6 l6n, cec tuy6n ctuong hAm

thudng duoc thiCtrk6 va thi c6ng di qua cdc khu
vr.p_c di tich, ph6 c6, danh tam thing c6nh vd cdc
di6m du lich quan trong. ViCc han ch6 cdc dnh
hudng.vd tec d6ng coa qua trinh thi c6ng duong
hdm d6n.c6c c6ng trinh vd hC thqlrg ha t6ng hi6n
hilu la het s0c quan trong khi tnict iC va thil6ng.
Vi th6,. khi_ thi c6ng dudng him n6ng trong di6u
kiQn dat yeu, thudng s& dung cdc miiy dao hAm
bom dung dich bin (AVN TBIU) hoic mdy dao hAm
ldm vi6c trCn nguyen lf can bdng 6p kpc det (EpB
TBM). Ap luc bom dung dich tai met guong dao
cfing nhu tai du6i mdy ddo hAm s6 6nh hudng een
tlQ hin tr6n bB m{t vdr d6n cdc c6ng trinh ldn cAn.
Nilat kh6c, khi bom dung dich bin tai vi tri guong
ddo voi 6p luc qud nh6 n6n d5t s6 tran vao trong
bu6ng ddo cria mdy ttiro h6m TBM, d6n Cf6n su ltli
sr,rt h6n b6 mdt va c6 th6 gdy ra cdc h6 sut t6n.

30



:nPs nqu quip c9x conp
?rl] 9c opp 6uon6 rE1 lEqu uql 6ugqc cnl dg':;9.t1
,ipp iq rCp lgqr u?q req 1pc cnl pn i9 tugu opp,(pLu
u9r1 e;qd lgp lgql eqc 6uonl 6u04 's qcip 6unp
uoq cnl d'.e d6q 6u9l gc ug6 oeq rugq 6uqnp
u9r1 elqd lgp lgq efc 6uPq uec u1)!) n?!p rlf

',{pu 1pc 19ns 6u4t ugp 19x 9c [9] 1,002 tlrPu oP^

l9nx 9p oraoJS lnoM op z H tlutq Q n?u qutL{ 9t/!
'quenb 6unx lgp Ouenrl lgru p^ !9.4 

^gp 
iq ]gp tgtg

e4r6 uQrq lgnx ?s tEc 19ns 6un 'uql qclp 6unp uoq
cnl dg 6uhp ,rls op !9.r1 

^Pp 
iq rxpq oPp APLU rgnp

re] cPoq/p^ opp 6uom6 rel om uvq 6uqnp u9t1

elqd lgp !9r1l lqy tg.tl ,(gp 6uont uQlq et [px tq1
quenb'6urix lgp 6uo.n4 r(rur pn rgrl 

^gp 
iq ]9p tgtll

eorO lgs eLu cnl u?p lex 6ugql op '?l cfltll op ill
916 

',on 
os uqt Iq.rl Igp (96 qcip 6unp Liroq cnl dP irl

;rS+"q

916 ogq np er enp Euqnql 1 g qurq u94 qftq 96;
'(.ru/N)t) qcip 6unp uroq cnl dy - s :(.ttr75>1)

1pp e4c dugp 0u l 6uno - 
^ 

:(Op) 6uor] lbs eu
c9e - d, :(ur) [qd ]pp 6ue] nes n?!qC - 3 :op 6uor1

( t.)
(tz)s -. ('z)s,e ,. S :_____! Ltt --------------- :

3^ '((z \ I c,
[[d+ "stJloc'c+,8,Jc^ i :ueo] ue gs ?r{ c4rqi 6ugc oaql ugq u?4.}gp I-A-q)t

eDc quip uo uoll n?!p u?4 enp quip cqx coflp uorq

lenx rg4 
^pp 

Buofll u?rq lql ,,s,, qcip 0unp uoq cnl
dp 'tzi oeLir ',.s., p; i4 erO 9c opp 6uoh6 rel 9q ugLld
qcip 6unp uoq cnt dP ]g!''1] ?tC ,,e,, 6uonl 6uQr]

t9^ tu?u r.lutr.l 6uEp gc ]glLll g16 oonp !q.4 Igp iq
Lupr.1 opp 

^gur 
uerl eJqd lgp lg'.ll P] gttr ! H tlutH

I

[Z] L66L wpu snel pA eq tenx ?p oeql p.4lgp uqot ttull tlultl 9w 'L'H

! ,LF e--., ,,' 
.-.

(z)s

T-
L

! 'lo t l lenx ?p I toz tuPu ns 6u0c c9c P^
u60y quryl DA'[9] tOOZ uIPu oJoor8 ]no^ '[Z] ]661.
urPu sneqllP8 op qulq gur c9c u?p 91 gql 9c !91]

^gp 
6uonl uQlq qcJl ugqd 9p tet6 gql uel 6unp 4s

cbnp Euenqt qutLl gtu cei ',{eu uirg upq 6uqnp
c_ec 6ugc lql glt lglql qup) gnb* 6uo4 Lu?tl oPp
Agu rgnp rE1 pn Qeu^lod cPoq ureoJ 'eltuoluaq qcip
6unp eg 6uqnq1) oep 6uon6 lPur rel tgqu ugt qcip
6unp uoq cnl dg quip cqx ?p ugr) uerq u?rl nglp
p; 6uirp 4rs conp 6uqnq1 ;94 ri,ep 6uon1 uOttt

;9r1i(pp 6uo,nt uQ;q qc;1 ugqd upnl { gs o9 '7

'ueN l6!n e ro1 des upq 6uqnp 6ugc !r.ll uq np
cgc or.lc urorqou qurl c9c er ]nJ pp u?rf rons-qupqf
u?g qu!y\ lq3 gH dt ; 9s uq6u uQrp nP] ugInl
ue nc rel lqrl 

^?p 
ec ns qcll upqd 6unp de pt6 cp1

'19nx 9p quiq gur oF^ en6 'nequ cgL{I }eqc eip dql

!

\
\

II
,
I
I
t
\

Ellll

glfl vn urysl{ Hilur 0il0c ciln0 rux utNc

100102 - s 0s'01[ diHUil cn0c

n?!qu u?!l ngp 6uoll urgq 6uqnp 6ugc rq1 rq>1 rgtl
i(fp 6uon1 u0!q qcJ] ugqd qulq 9u lgnx ?p'6u9c
lLli lLll lpqu uql qcip 6unp uoq cnl de quip cPx

9p 4l 'ur'eq 6uqnp 6ugc lql 1ql I9.4 r{ep 6uon1 uQrq
qc11 ugqd dgqd Euonqd cgc doq 6ug] ogq tp8

'uCc uel quul 6ugc cgc p^ 6uqc tql quu] 9nb oqc
upol ue ogq rxpp p^ or rr! nglql Lup!6 LUPqU lQql dll
reql ugul conp 9p upol ue dgqd uolq c9c pa 6u4tp
LUEI pp LUeq 6uqnp.6ugc rql quul pno '009+!tuy
qupl 4t !e] 6uenp lpr.u ufll er lgoqt reur(;od qcip
6unp 6u,on1 lQui oqc Lu?l urgq 6uqnp u9ln1 6ugc

lql lql er [9x,{pu gc nS 8t0Z tupu y 6u9q1 opn tq.4

^gp 
doq 6uen.r] ]Qru ugrtu rqo 9p ugrf 19ng-{upq1

uag qu!1i\ tq3 qH dl ;9s ug6u uQtp nPl ug,inl
ue nO Lupq 6uqnp 6ugc !q] lql 'ueN lOlA 6t

lel ne^ )gp 6uor ueq 6uqnp 6ugc tql tqt t9.4 
^gp 6uonl u?r.l oqc upo] qu11 dgqd buonqd cgc e: enp



xAY DrJtrG Goirc rniitH ilGAM uA M6

(2)- _ n ^. -2.c*C.K.y .tanq'l
"." -"1' D ]

Trong d6: c - Luc dinh don vi, kN/m2

s(2,)=s".- az

t

s(2,)

I
I

H.2. MO hinh tinh ben Aay tr6i ao
Wout Broere di xuAt veo ndm 2001 [6]

Tuy nhi6n, m6 hinh cia Wout Broere (20'16) cl6 b6
qua trgng luong ph6n d6t doc theo chu vi c&a hAm vdr

chua x6t den {I{c trung gidm drp luc khi dung dich
bom di chuy6n l5p dAy khodng tr6ng giira v6 hAm vd
mdy dto ham tao ra n6n gi6 tri 6p luc bom dung dich
gay day troi theo mO hlnh nay thuong nh6 hon so voi
thuc t6. Khi bom dung dich tAi mdt guong deo, dung
dlch sE di chuy6n l5p CIdy cac khoeng tr6ng ndy vir do

a)

F-D_l

T rI

- 
D

H.3. hl6 hinh tinh ben d6y trOi do Vfr A/tinh Ngan vd cdc cOng s+t Od xudt bao gom gradie ep tuc vipa
"a": a - PhAn tr\n; b - PhAn duoi; Gr - Trong luqng cla Xn6i d6t pnia tr\n duong hAm; G2 - Treng lLrong
cla hAm, r - Luc cdt doc theo hai ben kh6i d*t dAy trdi; s - Ap ttrc bom dung dich tqi gtwng ddo hoac tai
dudi mdy ddo hAm

G0llG ilEHEP rho. S0 5 - 2019

[t[';l

d6 6p luc dung dich bom s6 girim di [4]. 
-- --: - : -:

li6u [10], V0 l\4inh Ngan va cec c6ng sL. r: :i _::
m6 hinh phdn tich hien tuong dAy trdi cc ,: ::-
thay ddi 5p luc dung dich tuy6n tinh xung =-=' - ..

ddo hAm. TBIVI theo hai .ph6n cia mar :- - . :- l
duong hAm bao g6m phAn phia tr6n vi:-. :_:
miiy dao hAm nhu trong hinh H.3. CAc ki: : - = . . -
ch0ng vdi s6 li6u do trong trL?ong hop su r: :. rl
xAy ra khi thi c6ng hAm Second Heinenoc,-. - -'-.=
vd ba thi nghiem li tarn [10] cto they m6 hir- : - - : _.-

de xu5t bdi V0 lVinh Ngan vi cZrc c6ng su :,: -= .::
qua tinh toan s6t voi k6tquddodactai thuc:-= .=:-
nghiQm hon so voi cdc ket qua tinh todn bin: :,: --:
hinh de xuet bdi Balthaus va .vout Broere. K. :- ,::
d6n kn6i d6t phia tren duong hAm bi d6y ri :: ar
lLpc bom dung dich lon tai p.-- phia tren h5- - ^r
H-3.a), tii di6u ki6n c6n bdng cia kh6i d6t tr,an j-'cng
hAm, 5p luc bom dung dich 3^ 'T hAt dinh ham s:.-,.*
duoc xdc dinh theo c6ng thuc

/-\
r^, --- = r.I u- n.o 

]*z. 
t'!rc 

- - -. :rn.l-a P 13)""-'r, 8 ) D' -' 4 '-'
Khi cd duong hAm va kl't :=: :1ia tren duong

hAm bj dAy tr6i do ap lqc br- :-^g dich ton tai
phAn duoi hAm (hinh H.3.b,. :- ::- . :1 cAn bdng.
dp luc bom dung dich lon n^::': -:. -5m s65n"
dugc xdc dinh theo cong th.r: -.:-/ _\
o^- =rf g-I pl*2.H.lc+FtK -a, - -.,-'l l,"-'-'t 8 I D' _

trong oo: H - unteu sau na.r - - - -:-; Jo-ng
ri6ng cua vo hAm, y,=24 <\ *: = l-:r:-r theo
phuong d0ng cia dung dic^ :: -
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xnY outrc cOm rniu ucim un m6

dAy trO.i nnu hinh _H.3 chi tinh toan cho trudng
hop ddt d6ng nhSt vd _ct5ng huong. Trong bir-l
b6o ndy, tdc gi6 dG xu5t m6 hinh tinh todn voi
di6u ki6n alia ch6t bao g6m nhi6u top tt5t duoc
th€ hi6n trong hinh H.6 d6 phan tich su c6 dAy
tr6i. Trong mO hinh tinh toarn ndy, h6m duoc ddt
d dQ s6u -11,67 m. Cac th6ng s6 dia ch6t duoc
th6 hien nhu trong Bang 1. Tuong tu nhu m6

a)

hinh n6u trong h)nh H.3, m6 hinh m6 td:.ong
hinh H.6.a phan tich cho tru ong hop chi xer f6i
kh6i dat phia tr6n duong ham bi ddy trdi do ap
luc bom dung dich lon ra pndn phia tr6n hen.
mO hinh m6 td trong hinh H.6.b phan tich cho
trLpong hqp cd duong h6r ra kh6i d5t phia trer
duong hAm bi dAy troi do ao ,-r'c bom dung dich
lon tai phan duoi hrim.

t

H

{

{

I

HT

T

T

T, L6.p 1

T: Lop 2

T T. Lop 1

Lop 2

-az

^^ 1

uc bcm dung dich
tri c6 t| s6

ai vi tri nay c6

I

{

700

600

T

T.

Lop 3

s(2,)=s- + az

Lop 4

T

l.-D_l
H.6. A116 _hinh.phdn tich.hien tuong dey tdi tai Du ar :,..: -

tdu di6n ngAm s6 1 Tp. Hd Chi Atinh: a -'pnAn tren.:t - 2- 
=- : _ -.

H.7, vi lr( ddu (- r rl^:
do duoc khi xdl ':
CID=1,76. Ap luc :l,
gi6 hi 380 kN/m-

^ 500

="= irco

300

oa o.E 1 1.2 1A 1.8 t.6 2 22 Za
c/D

H.7. Ket.que phen ch hi6n tuong dey t'i tAi Dq
6n tuy6n tdu di6n ngAm s6 1 Tp. Hd Chi Minh

Hinh H.7 th6 hi6n ket que tinh to6n theo c6c
c6ng thuc (3) va (4) voi c6c t! s6 chi6u sdu tAng
dat ph0/iluong kinh ham C/D khSc nhau theo di6u
ki6n dia ch6t nhu tr6n hinh H.6 vir Bdng 1 nhim
dua ra.cAc gid tri tinh todn 6p luc bom dung dich
l6n nhat voi cdc vi tri hAm khdc nhau. Tren hinh

Hinh H.7 cho th6y ket qua tinh todn trlr cdc m6
hinh tinh to6n phSn ticfr hi6n tuong dAy tr6i Va k6t
qua quan tric m sr,r sai khdc kh6ng Cldng k6
(khodng 7 %). DiCu ndy cho thiy c6c k6t quifinh
toen tu mO hinh ph6n tictr d6 xudt la hoan toan tin
cay va cho k6t quii chinh xdc v6 dp tuc tlAy tr6i
trong su c6 nly.

Vi6c thi cong hdm tai Du 5n tuy6n tau di6n
ngAm s6 1 Tp. H6 Chi Minh .ta k6t th0c vd kh6ng
ghi nhdn su c6 vd 6nh hudng nguy hi6m x6y ra.
Vi6c phdn tich lai su c6 AAy tr6i ndy rrit ra m6t s6
bdi hoc kinh nghiEm nhu sau:

) Ki6m sodt t6t cec 6p luc ch6ng tai guong
diro vi kho6ng tr6ng phia sau mdy dao ham Ie rel
quan trong trong vi6c ddm bdo sH thanh c6ng cua
du dn;

> C6c gidi ph6p chuAn bi khi xdy ra su c6 truoc
d6 trong Bi6n phap thi c6ng c6 th6 gidm thi6u mrtc
d6 t6n thdt trong cac tnldng hop xdy ra su c6;

> M6 hinh tlnh toen 5p tuc dAy tr6i v6i su thay
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