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Ti6u chu6n 6n ainn cno c6ng trinh ngAm kh6ng
ch6ng ld gi6 tri chuy6n dich (bi6n dqng) cria bi6n
congirinhlrong su6i tnoi gian t6n tqi crja n6. T6ng
gi5 1ri chuy6n dich bi6n c6ng trinh ngAm kh6ng
ch6ng c6 th6 x6c dinh theo c6ng thOc [1], [4]:

U=(k".ks-k,.ks.k1.Ut). (1)
Tai tlAy: Ui - Gi6 tri atAi luqng chuy6n dich ti6u
chuAn itla bi6n c6ng trinh tuj, thu6c vdo tlO bdn d5t
ctd "Rn" vdr dQ sdu vi tri c6ng trinh ngAm "H"; k. - HO

s6 6nh hudng cria g6c.th6 ndm l6p dd vtr hu6ng
ddo crira c6ng trinh ng6m so v6i dudng phuong
ctia lop cl6 hay cec mat nut n6 chrl y6u; ke - He s6
dnh hudng cria huong chuy6n dich d6; k" - HC s6
dnh hudng c0a chi6r-r r6ng c6ng trinh ngAm: ke -
HC s6 anh hudng sLr t6n tai crla c5c c6ng trinh
ngAm khdc; f, - Hq 96 dnh hudng ti thdi gian t6n
tqi cria c6ng trinh ngam.

Tr6n co s& gi6 tri chuy6n dich U" theo tlnh
toen, mfc OO 6n Oinn cria c6ng trinh ngAm kh6ng
ch6ng s6 dt?gc xdlc tlinh tuong ung theo c6c s6
li€u tr6n Bdng 1 [1].

Beng 1 . i/tluc dO 6n dinh cla kh6i de bao quanh

c6ng trinh ngAm theo gia tr! chuydn dlch cia bi6n
c6ng trinh ngAm [1]
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),) ho6ng thoi gian 6n dinh cho c6ng trlnh

t\ m t 
-llt uE 
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trinh ngim den thoi di6m co th6 xdy ra nhDng hiQn

tuong mat 6n dinh, sU c6, tai nAn.

Hien nay, cac li thuy6t d6nh gi6 muc d0, dic tinh
6n dinh cho c6ng trinh ngAm r5t da dang, phong
ph(. Tuy nhi6n, cho den nay v6n chua c6 phuong
phdp huu hiQu x6c dinh khodng thoi gian-6n dinh
cho c6ng trinh ngAm, kh6i da bao quanh d6 dua ra
nhong giai phep thi cong, ch6ng gitr ph'i hop.

1. Li thuy6t denh gi6 6n dinh c6ng trinh ngim

D6 dLI do6n kha neng dich chuy6n bi6n c6ng
trinh ngam, & nhirng giai do4n nghi6n crlu d6u ti6n
c6 th6 ep dung ket qud cta cdc bai to6n giai tich
to6n co tr6n co sO nh0ng m6 hinh dia co hoc khdc
nhau [1]. MAc di c5c k6i qud gi6i tich chi mang tlnh
ly thuy6t, tuy nhi6n, ddy chinh ltr co sd dinh tinh
quan trqng ban dAu al6 ti6n hanh dg b5o muc d0
6n dinh cho bi6n cOng trinh ngAm.

Trong giai doan ban tlAu crla thi6t k6. cac nha
dia co hoc c6 th6 sr}'dung cac m6 hinh tac dqng
tuong h6 cia hC "kh6i de-k6t c5u ch6ng-giir" d6 du
Oodn, drr b5o, x6c dinh dai luong chuy6n dich cia
bi6n c6ng trinh ngAm kh6ng ch6ng (hoic c6 ch6ng
gi0). Tuy nhi6n, nhi?ng k6t qud nghien cuu nay van
chua x6t toi y6u t6 thoi gian, vi viy khd n6ng dLr

beo thoi gian 6n dinh cho c6ng trinh ng6m v5n
khono th6 thuc hien.

rri aay, nguoi thi6t ke c6 tn6 d6 xu5t cdc gidi
ph6p ch6ng gio, lua chqn so bQ loai hinh, k6t c5u
ch6ng gi0 cAn thi6t cno c6ng trinh ngAm.

2. Phuong ph6p dtt biio mri,c tlQ 6n'dinh tr6n
co s& chuy6n dlch bi6n c6ng trinh ngam

D6 dLr bao muc dQ 6n dinh cho cdng trinh ngAm

khong ch6ng xay dLpng tai c6c m6 than, cdc nha

cap
on olnn

crl a
kh6i d6.

200-500 100+200

2l



oz0z - I0s 'oil diHcil 0il0c

ngc'Pp lgql tgqc qull ?^ 9s 6u9q] 9s ]our oe^ conqt
nqd ulgtiu quul 6u9c u?tq Enc,,n., qcip u?Inr.lc
lgnl Inb e9q qulq gur lpnb Ougi os ,",tt'< 

'

us$u qugl Eusc quenb *r *,dfi,Tiifi'd; '416-6u9qc ngc lgl ,!rl i^ nps gp',oD] nec cOrt qutr_t

9s bugql 9s -lour oe^ conlll nqd Lug6u quul 6ugc
uQlq qcip uelnqc quip cex qulq gLu 9s 19tu 19nx 9p
pn nnc ugrqEu pp 6unH 6udjl 9n 

,tgl ,trl 6ubJI' .e6y1 ,tug6u quul 6ugc u?u rel
9p.lgp cti4 uop u?u u9q uiq !o!c - cu,y :r(p| 1eI

(6) (t.+,"u ,r ', o'o-a.?0,0+H. 
'00.o)=uau,}] (e) l(gg'6au",,*,',-H.?0,0+9y7;=,"uo

\L) :(l uau?o+[)6tn;ut-uaun

:[g] c4q1 6u9c oeql quip cex ?qt 9c 4r6 6ugqc nec
lg)t nes er,td 6u9rg 6upoq1 4rb nnl uron qirlq 1eb1
rxtl bugqc tiunql cec 6upq 4t6 6uoqc conp ug6u
qu1.4 6ugc cpc ,,,.,n" ugl qclp u<Jrinqc pf 9;9

conql^ep rpp dqt eDc 
^ep 

n?!qc ,, ;qlillLl;8l r.lu^Ul bugc c9u lel pp lgp cnrl uop uou u?q ueq titC
- *""U :-9s ?r.l c9C -,n ,,y:tugp_Ieou ,er6 qugp,19x
urox ur?!p. lerll pn ug6u qupl 6ugc 6ugc tql cDql
l9I urglp !et-0 rll quj] uer6 r4q1 6upoq) - I :,{9p rE1

(s) . { f +"o, ,u' t,0'o-s.to,o+lt:loo,o)=in -
(s),, :([u].9+s.6+-,,U.2-t_l.9r,o)='v

@ :[*)=n
:[e] c4qt 6u9o oeql quip cex gq1 oc aj16 6u9qc

ngc l9l nes erqd 6u9t1 6upoq1 4i6 nn1 uon q'uLq
leol url)i b^ugqo tiunql cec 6upq 4;6 6ugqc co,np (lq
uglqc al riuo.np) uip6u qu1r1 6ugc cec,:n,, c9u qcip
uo^nqc ul glb ' v x utqunJel ,.1.1 

letquJelf oeqf
urg6u qupl 6ugc efc quip

u9 l9r.u urglp leql opq np ep 6uhp 4rs gq1 6u9q1
9u 9r.ll l^'quip cex ue16 pqql 91 n9[ oer i9nq1 nqd
Dugq)i upol u?oq ...,(S) ,(7) 

Qq uenb lgru cpC

busc e1c opp quJl ueq cpc ,"' :t B'fj; :!i1]
pUl conp gp lgtU 6uorl lqx uox ulatp enc uer
6uonq 6uonq<i oeql ugr(n6u aq1 ouljq1 $p eoi'
- r :edn 'pp tgr.tl enc 6uEp uglq unpgu\ - f :edn
'pp 19q1 6uor1 6u4p 6upq1 Ouirnqd oeql Ounp cli cnl dp iJl ete - b:quj) uelnl 6u6p u?!q pp lgql or.tc bunrl cpp lglq pp 4t lp^ 9s 6u9qc93 _ |,tu
:u?^n6u nl1l 6ugql ilcip uelnqc Ouonl rri6 - 1-1 :i(gp re1

I ,,.-,,' .1=

loz-z)-
:[9] cnql 6u9c ooql quip cpx gql

9bu^quul bugc u?tq qcip ue,{nqc ir1 er6,ub4
oueou ]pc lptu oc ug6u quul 6ugc .qun ugInl

Z

li="
(e)

9C rU

qulq

(u-!)
\a'z')

(.A

9Ur U[ 1[yC1{ ltMur Uiloc oilns rux

6Z

6uep u9!q tgq upp pp tgql qulq gi! 6uorl ,np 
ln

quul ougc u?!q qcip ualnqc i.rl ?p ,trip rgrtSllEil
c9ql 3flr.fl bugc n?!qu ]gnx ?p 9p 916 ce1 ngrqu 'LU?ou quul bugc quenb oeq pp l?p 6uoru1 igLl
pa 4;6 6u9qc nec l?l e4t6 cg1 6uoh1 qutq qu'9s
lgrit nnc u?tqbu tqI nes ,(Z) 

0q uenb toru rpo66 
'

.68=zul :ZZ9=LUI :u.rQrq6l cnql 9s Qq
cqC - zu>l'ru)i :edn ,gp elc cn4 uop ugu ueq'9e _
uU :ui 'rug6u qupl 6ugc lrl i^ nes n?lqC - H -uriNt '9p lpp e[c qcrl eq1 6uonl 6uOtj _ ,t :u iutgdJ
quul 6ugc e[c oee n?!qc ,op n?qy _ q ,q :,igp ie1

,t , t -l I
e) 11.",-l-sl,.rlror,o,l=.a

[L l*n] r"-rc-l
- 

:[Z] 9q uenb rgr.u oaql uEop np ?q] 9c tu96u
quul bu9c cou tel (Llcip uofinqc) ug4 eq ir1 e16,6 4
oluelpexn ' d n o)iua4tqupaerf ..f.A olsnlc oaql

'ug6u quul 6ugc ugrq qcip uei(nqc ,6uEp
u?!q enc ngl lpp,6unc 19nc irl 916 e1 nr.iu ugqu dgtl
conp buenql 

^Eu 
deqd 6uonqd cec oaql ue6u

tiu1.r1 6u9c uelq qcip ue^nqc ,6uep ugrq i:1 916 69q

I.p Pn? l9) bu4qu '?rll 1n ue;6 roql oaql rop Aeql
b-ugql 'quip oc u.rg6u quul 6ugc ugrq qcip Le,{nqc
'Ouep u?!q il1 er6 pnb tg)i oqc lqc 6unqc ,'ugrqu

^nl [I] nequ cgql 19.r urg6u quul 6ugc er:rc rel ugl
:,I Yel6 Iaql gl n9,{ u6ip qu11 6u9qy ugrq qc1'p ug,fn{c
'ouep uglq irl prb oeq np dEqd Ouonqd ci3

- :ue6u quul 6ugc enc r01 ug1 ,.1,, uer6
lQql 9l n?A u?p rluJl 9c oeq np deqd 6uo,riq6 4

. 
:,.ug6y quul 6ugc elc tel ugl ,.1., uei6 roql

9l ne^ uop qu;1 6ugqy oeq np deqd 6uonq6 4

rE1 ugl uer6 !eqr-9r nel epc 6uqnq uru 
"l;,tX !r.,ll r.uvbu quul bugc uglq qcip ugfnqc i.rl er6 quip

cgx dgqd 6uonqd ugqu req rel'ug] Ieu uOlH 
-

. ure6u qurrg 6ugc uglq qcip uelnqc
'EuEp uglq i.r1 916 quip c9x n4c u9!q6N .S

.?t cnql ug4 trg6u qupl 6ugc
oqc gLll bugl quip ug 0p cflur o9q np i)p 6uor1 uenb
19r 9s 6u9q1 e; ugr,{9g.u96u quul 6ugc quenb
oeq 9p lgql enc AnLl gqd 'gu 6uonr1 ns uotrl ?q]
ugn ,igp ;e1 uelq pp lgrl)i qcip uerinqc Sp c4i{ if6
Dugtlc npc t?l !el ugl rq1 ue6u Quul 6ugc erlc quip
u9 lpu ns uQrq eq1 6upc ridu qcip ug,inqc Qp cnur
'uerqu Anl'6ugqc 6ugq1 ug6u quui 6ugc rq1 9q1
oc_lpqu n9x ueq rorO et oqo lqc ; 6ugg ooql 9p !-oql
qcip uelnqc irl er6 ,IC^ rn .r-ug6u quUl Ougc hr6
Dugqc n9c l9l p^ -ep lgql e4l!6 cel 6uonl Oq uenb
!9ur erlc del cnqd 6u0p cel ,!el uol J.ts u6tu eur
enqc ue^ bugqc bu9q1 tue6u quul 

'brg" 
rgiq q5ip

ua^nqc ul pto es oc ug:1 quenb oeq ep tgrll enc
quip ug 9p c4rI\l upq oc ,nep cgnq qu;} Oireu 1qc

[M]



tao c6ng trinh ngAm, t<6t cAu cn6ng gif c6 dang:
U=f(t, H, o, W", h, b, n, Rn, Lo). (10)

Tai day: F - HAm s6 th6 hien m6 hlnh li6n k6t cdc
th6ng s6 phq thuoc; t - Thdi gian thuc hiCn c6ng t6c
cto chuy6n dlch bien c6ng tr)nh ngAm, ngdy-d6m; H -

Chi6u s6u c6ng.trinh ngam, m; o - G6c nghi6ng
cria cdc l6p d5; W" - MO men ch6ng u6n cia m{t
c5t ngang k6t cdu ch6ng giir thep su dqng d6 ch6ng
gi0 cong trinh ngAm, cm3; h - Chi6u cao c6ng trinh
ng6m, m; b - Chi6u rQng c6ng trinh ngAm, m; Rn -
Gi6i han ben n6n cta cdc l6p det d6, tMPa; Lb -
Khoang c6ch v! tri do chuy6n dich kh6i d5 trong cdc
16 khoan tinh tir bion c6ng trinh ngAm, m;

> Mo hinh chuy6n dich "Uno"" cia kh6i da bicn
tqi n6c c6ng trinh ngAm theo phuong thing d0ng
c6 th6 chgn theo m6l trong ba mO hinh "Unoc 1",
"Uno".z", "Uno".:" [4]:

,, =[o,0.(,)o 
.(u)o'.(")^'. l. (1 1)-"""' 

['*. )o' (b)o'' 
"ra'''"''"Lr 

'r"' ]'
la^^.(tto-'.(Hro".{.,'A 1

U ^=l^z'ot'r '1'" r*l l, (2)
"-' 

Llw" l"'.erA'-'b'.erA'7"'R").e(A'?'r*r l'
fA^^.e6,., tr.e(A", H,.erA,,.). Ir =l 'ru- I (13)-"'"3 
["te',.w",.1U14,'.era,. 

n r.1q 
14,., ]'

Tai day: A1 o=2,38i-18; A...=q521495; Al r=2,649799'
Ar.s=-4,814969; N.r7,927319; At.s=1,732881;
Ar.o=0,165275; Ar.z=-0,36238; Az.o=1,4E-19;
Az.t=O,521495; Az.z=2,672736; Az.:=-3,918143;
Az.t=7,881251; Az.s=O,446165; Az.o=0,165275;
Az.z=-0,36238; Ae.o=2,52E-08; As.r=0,521495;
k.z=2,672736; As.s=-3,918143; Ae.+=O,101718;
Ae.s=0,446165; As.o=0,165275; A:.2=-0,36238; hQ

s6 tuong quan R1=R2=R3=0,922196i
> Mo hlnh chuy6n dich "Un66a" cta kh6i de biCn

tai n6c c6ng trinh ngAm theo, phuong vu6ng g6c
v6i mit ph6n ldp dat d6 c6 the chen theo dAng nhu
sau [4]:

U
t)A'' .e(4... 

H).(o)A" (W"f'"
r.1uf" .1n" ;&' .1r-, )^-'

(14)

Tai d6y: fu.0=3,65E+35; &.r=0,595615; A,4.2=-0,04;

&.:=-8,392008; &.+=10,573493; N.s=-15,984824;
N.e= 1 1,1 27 567 ; N t-1 1,8943 1 ; &.s=-5,25954 ; he
s6 tuong quan &=0,852080.

> tt/6 hinh chuy6n d.ich "U6.1.5" cria kh6i d6 bi6n
tqi h6ng c6ng trinh ng6m hu6ng l6n phia tr,in c6
th6 chgn theo dang nhu sau [5]:

rA5o+45 1.r+a5r.H+A53'd+a51.wc+)

Un,, o = g *As': h+ase b+A5'7 R"+a'3 Lb 
', (15)

Tai ddy: A"o=6,1571.39; A5 j=0,014273; As2=9,914699'
As.a=-8,9E-05; As.+=-0,03341; As.s=-1,50281.;

xAY Duttc c0ilG rniilH uoiru uA u6

As e=1,513757 ; As.z=-0,08443; As 8=-1,26912; hC's6
tuong quan Rs=0,7 47 606;

) Iril6 hinh chuy6n dich "U6.66" cta kh6i da bi6n
tai h6ng c6ng hinh ng5m huong xu6ng phia du'oi
c6 th6 chen theo dang nhu sau [5]:

rA6 0 +46 r.r+ab,.H+a6.r.o+A6 r,w. +l

U. o u = g'*Ai.u t'+ru.o b+A6.7'Rn+46s Lo (16)

TAi day: &.0=161312,9; &.1=0,018893; &2=0,00218.s'
Aas=0,091104; Ao.a=-0,08566; A6.s=-5,9578?;

Aoo=3,595157; Ae z=-0,08086; Aoa=-1,60362; he s6
tuong quan Rs=0,781403;

> [/16 hinh chuy6n dlch "Un"n7" cid kh6i dd bian
tqi n6n cOng trinh ngAm hudng l6n phia tr6n c6 th6
chgn theo d?ng nhu sau [5]:

ln.^.ttto- .lH )A?' .erA/J'or arA/"w'r| _1"/.0'\',f ! / (17\
'"" lt,f''.(b)A".(R.)A'-.(Lb)A' l

TAi ddy: & o=4.8E-77 ; 4,.1=1.$61 57 ; Ar.r=1 4.26241 t

Az .s=-0 .2347 4; At .q=-0 .1 4431 ; At .s=44 .96236;
Az.o=9.456899; At;=-7.12217; hQ s6 tuong quan
Rz=0.891779;

CAc mO hinh (1 1)+(17) duqc xay dung trong
nh0ng di6u ki6n sau: H=480+710 m; o=8'+50';
W"=53,4+107,9 cm3; h=2,4+3,5 m; b=2,85+5,8 m;
R,=26+'139 ftllPa; Lb=0,7+8,0 m; t=30J70 ngdy-d6m;
khoeng cach gioa hai khung ch6ng bing 1 ,0 m.

Do c5c m6 hinh (11)+(17) x6c dinh chuy6n dich
bi6n c6ng trinh ngdm "U" c6 x6t t6i y6u t6 thdi gian
"1", cho n6n chring c6 th6 srl dung d6 c6 th6 dq bao
thdi gian 6n dinh cho c6ng trinh ngAm.

4. DAnh gi6 m(r dO 6n dinh cria c6ng trinh ngim
tren co s& gi6 tri bi6n dqng, chuy6n dlch bi6n

Chuy6n dich (bi6n dang) bi6n c6ng trinh ngdm
ld bi6u hiQn dinh luqng 16 rdng, c6 th6 quan tr5c,
do dac chlnh xdc trong kh6ng gian, theo thdi gian.
Day la co sd 16 rang nh5t d6 c6 th6 danh gia trang
thai, co hqc, stp phe hiy, mrlc cl6 6n dlnh cia kh6i
d6 bao quanh va toen bO c6ng trinh ngAm. Tai d6y,
v6n d6 x5c dinh gi6 tri chuyon dich bi6n gidi han
''Usn" crla bi6n c6ng trinh ngAm v6n ddm bao cho
chlng 6n tlinh c6 ], nghla dac biet quan trong khi
thi6t k6, thi c6ng, stl dr;ng c6ng trinh ngAm.

Khi chuy6n dich bi6n c6ng trinh ngAm thryc tG

"U" tai thdi di6m ndo d6 v5n nh6 hon gi5 tri chuy6n
dich bi6n gioi han "Ueh" thi c6ng trinh ngAm vAn
nem trong trang thei 6n dinh. Nhu v6y, di6u kiOn
ddm bdo 6n dinh cho c6ng trinh ngAm s6 c6 d4ng
nhu sau:

U(Uo;.. (18)
unu vdy, ngudi thi6t k6 cAn phdi xec dinh gi6 tri

chuy6n dich bi6n gioi h?n 'Uor,' cria bi6n c6ng trinh
ngAm v5n ddm bdo cho ch0ng 6n dinh d6 c6 th6
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U(t)"5"<Ush; (38)

U(t)h5ns<Ush; (39)

U(t)naniUor,. (40)
) Budc 4 - Gidi phuong trinh U(t)n6"=Ush tren

co sd di6u kiQn (38) cl6 xdc dlnh khodng thoi gian
"Ln."a"' t?i day b6t dAu xu6t hiCn trang thei can
bing gi6i han nguy hi6m c6 th6 gey nCn nhi?ng su

Ar.,

Ar.o.(H)o,, .e(A?3'd).e(a?4 
w"). (h)^" .tn;o^ 

" 1n" )^" (t-o )o"
c6 c6 hai Ct6n

F Bu6c 5 - Gidi phuong trinh U(t)66*=Un6 tr6n
co sd di6u kiOn (39) tl6 x5c dlnh khoang thoi gian
"Ln."o"' t?i oAy bdt dAu xuAt niqn trang thai can
bing gi6i han nguy hi6m c6 th6 g6y n6n nhirng sr,r

c6 CO frai d6n h6ng c6ng trinh ngim;
) Budc 6 - Gidi phuong trinh U(t)n6n=Ugh tr6n

co sd di6u kiOn (40) d6 xdc dinh khodng thoi gian
"Lr,.a-' t?i OAy bdt dau xuat hien trqng th6i cAn

bing gioi han nguy hi6m c6 th6 g6y n6n nhirng sgr

c6 c6 hqi d6n n6n c6ng trinh ngAm:
) Bu6c 7 - Xdc dinh gi6 tri nhd nhat "Ld..in" tir

cdc khodng thoi gian gioi hqn 6n dinh tai n6c.

h6ng, n6n c6ng trinh ngAm tu cec buoc 4, 5, 6.

Trorig nhilng truong nqp ri6ng, phi hqp, c6 th6 s&

dung cec c6ng thrlc (30)+(37) d6 xdc dinh khodng
thoi gian "toa,nin";

ieuoc I - ru gia tri "La.,nin", ngudi thiCt k6 se
chuAn bi nhirng gi6i ph6p gia cudng, ting bdn cho
t<6t c6u ch6ng gi-u va kh6i da bao quanh d6 c6 th6
sr] dung kip thoi ch6ng lai nh0ng hiCn tuqng mat
6n dinh crla c6ng tr)nh ng6m.

D Buoc 9 , Do tai thoi cli6m "to6',;n" c6ng trinh
ngim s6 ndm o trang thdi cdn bdng gioi hAn {trang
thdri nguy hi6m), cho n6n c6c bi6n ph6p gia cudng,
ch6ng gi0 c6ng trinh ngAm n6n ep dung tai thoi
di6m trudc d6. Theo ch0ng t6i n6n 6p dqng cdc
giai phap ddm bdo dQ 6n dinh cho c6ng. trinh ngAm

tai thOi Oi6m s6m hon 20 lo so vdi t6ng khodng

t+)
(37)

n6c c6ng trinh ngam;
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