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Se vi6t dugc he phuong trinh s6 higu chinh
du6i dgng ma trQn:

V=B.Z+Q (5)
Tr6n co sd bi6u thrlc (5), ap dUng nguy6n t6c

s5 binh phuong nh6 nh6t, chtng ta l6p duqc h4
phuong trinh chuan:

BrB.z -Bre = o -r (6)
Tl:t day suy ra vector nghiem:

z=-(BrB)-1.Bre (7)

TrA hi viec x6c dinh b6c crla da th0c (1), nhi6u
nghi6n cr?u il6 x6c dlnh rlng, ara thl?c vdi s6 bac cang
nh6 thi c6 d0 6n dinh cang cao [4], vi vAy ch0ng ta se
hudng d6n viec tim dathrlc co s6 bQc nh6 nhdt, ddng
thdi phtr hep v6i k6t qud quan tric, vAn dE ndy c6 th6
duEc gidi quyet theo trinh tu sau. LAn luEt lap cac da
tht?c v6i s6 bac taing dAn tir 0 d6n k-2, voi m6i da
thuc de chqn, chring ta tinh cdc hi€u: 6i=(Qido-Qid)
(Qi6 ta cnuyen dich tlo dugc d chu ky thu i, cdn Qid la
chuyen dich tlnh theo da thoc 0 thdi di6m chu l$ do
tho i), sau d6tinh t6ng: "

t62l(k-n-1)

rflroA Hgc uA coilG ilGHE rh6

Da th0c c6 gi6 tri p (sai s6 m6 hinh) nh6 nh5t s6
duEc chQn de dtr b6o chuy6n dich. Thgc t6 cho
th5y d6i voi rdt nhieu c6ng trinh, chi cAn chgn da
th0c d6n bac 2 hoac 3 la d0. Ham da th0c c6 tli6
s0 dqng dd Bp mO hinh chuy6n dlch trong giai
doan thi c6ng xay dung va & thdi k!, dau vfn hdnh
c6c c6ng trinh tIQp. i

1.2. Pht rg phdp d1r b6o chuyiln dlch theo hititt
tuin hoin

Khi sir dgng hdm tuAn hodn, chuy6n dich ngang
c6ng trinh duqc th6 hiQn du6i deng [1]:

Qt=ao+ar.sin(wt)+az.cos(w.t). (9)
Trong d6: t vi Qt ld thdi gian thuc hien va gia tI
chuy6n dich c0a d6i tuqng quan tr5c & chu k!
quan tric. Cdc tham s6 cAn x6c dinh trong hdm
tuAn hoin la: ao, a1, a2 va w. Trong d6: ao the hien

chuy6n dich trung binh cria O6i tuEng, Gi * ";
th6 hien biCn tIQ crla chuy6n dich, cdn w dfc trung
cho chu ki, cOa him tuln hoirn.

Gii sr] c6 k chu k!,quan tric (k>4), khi al6

chung ta thenh lap duqc hC phuong trinh s6 hieu
, (8) chinh-sau:

(10)

cos(wt 1) + a2 sin(wt 1)) 6w - Q 1

b6 choa, yeu t6 ndy lai c6 tinh ch6t bien d6i theo
mira hoac th_eo ch-u k!, sin- xudt cia nhd mdy tuy6n
xd nudc xui5ng b6 thai, b6 l6ng c6 c6ng trinh dap.
Vi vny vi6c s& dr,rng hdm tuin hoin hoic hdm h6n
hqp al6 xdy drlng m6 hinh chuy6n dlch ld cln thi5t
va phi, hqp.

2. Tinh to6n thr,rc nghiCm

De lam 16 quy trinh tinh toen x6y dung m6 hinh
chuy6n dich theo thdi gian, chfng t6i thuc hien tinh
to6n th& nghipm vdi c6ng trinh dap lay so lieu tir
thrrc te quan trec chuyen dich c6ng trinh cllp th0y
dien A Viet Nam, mOt v6 m6 hinh hdm da thr?c vd
mOt v6 m6 hinh ham tuan hoan.

2.1. Thanh Ep mO hinh chuyAn dlch theo
hdm ila th(tc

D6 lam 16 quy hinh tinh toan xay dung m6 hihh
chuy6n dlch thea thdi gian, chung t6i de thuc hien
tinh to6n thr,rc nghiQm vdi hdm da th0c, tAy s6 tieu
tu thuc t6 quan tr5c chuy6n dich mQt-c6ng trinh
dap. 56 liQu chuy6n dich ngang cria m6c quan tric
trong 7 chu ky dau tien aluqc dua ra 0 Bing 1.

LAn luEt lQp c6c da th0c tir bac 0 d6n b6c 5, vdi
m6c tinh tif chu ki'dau q=9, tz=4, 1.=6, \=12,8=16,
h=21,1t=29. D6i v6i m6i bQc da thoc, ti6n hdnh tinh

frj =

vj =ao +sin(wt 1)al+cos(wt 1)a2 + t1(a1cos(wt 1)+a2sin(wt 1))6w-Q1
v2=ao+ sin(wt 2)al + cos(wt 2)a2 + l2(a 2cos(wt z)+ a2sin(wt 2))6w -Q2

vn = ao + sin(wt 1)a1 + cos(wt 1)a2 + t1(a1

Vdi c6c kf hiQu:

fl sin(wl) cosM)

^ lt sin(w1; coslwg;
o=l

L, 'i.i-u "*twil

ti(qcos(wl) + a2sin(wt ))

t2(qcos(w!)+ a2sin(w!))

t1(qcos(wf,) + a2sin(wf,))

o=[-q -q-q .. -q,]' (11)

7=(as,a1,as)t

V = (v1,v2,...,vp)T

Chtng ta se lap duEc hQ phuong trinh s6
hiCu chinh V=(B Z+Q) vii x5c tlinh duqc vector
tham s6 7=(4, a2, a3, w) theo quy trinh gi6ng
nhu d6 trinh bay trong mqc 1 th6ng qua c6c
c6ng th0c (6+7).

Khi chuy6n dich cta c6.ng kinh kh6ng chi c6 tinh
ch6t tuan hodn tlon thuan, chlng ta c6 the xay
dung mO hinh chuy6n dich theo mot s6 dang ham
s6 h6n hqp dudi dqng:

Q =as + a1.sin(wt)r a2.cos(M)ra3t + a4l2 +r.. (12)
Thgc t6 quan tric chuy6n dlch tai cac c6ng trinh

dap l6n 0 ViQt nam cho thdy, gi6 tri chuy6n dich
ngang c0a c6c tuyen dap khi da dua vdo vQn hdrnh

phu thuQc rAt nhi6u vdo muc nudc trong hd chr?a,

c0ue ueutp u6 sd z - 2olE
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MO hinh chuydn dlch the

t {th6ns)

t (th3ng)

5 l 3

cl'lM

Q mO hinh .

thUc t6

phan tich so bo t€n ,u ,n, ,r rii;',J!1, X::y:' ''"' 
.f!,i"ilff,"rrt

dlch cia fi6m quan tric c6 tinh tuAn hodn theo thdi I ^-.1 I "r" I

gian, vi vAy chen m6 hinh chuy6n dlch du6i dang: .=1"'l=l ] -"^ |

Qt=a0+a1.sin(wt)+a2.cos(w.t). I 
a2 | | 13' /u 

I

- Srl dqng s6 lieu quan trdc trong 16 ch.u klr tl6u lwl I o,ss .]
cl6 xdy dr,rng- m6 hinh, s6 tieu z chu ki,cu6i (chu ki, finn sai s6 m6 hinh:
17 vd 18) tt6 so sdnh d6i chung. Tham s6 cta m6 t .t-
hinh duqc x6c dlnh theo c6c buoc sau: u-./tv-l =3.2mm.* Bu6c 1: ChQn d|, d2, w gan d0ng tluqc: l/ n-4
aea2=11 v'1=(2n112). Xet qud thinh lQp Ctuqc m6 hinh hdm tuAn hodrn:

* Bu6c 2: Tinh to6n xac dinh c6b tham s6 cta QF-97,29+4,7.sin(0,55.1)+13,78.cos(0,55.0. (14)
hdm tudn hodn theo quy trinh n6u tai 2.1 . Bi6u Cl6 m6 hinh chuyen dich di6m M2 theo hem

K6t qud thu tlugc: tuAn hodn Cluqc dua ra irong hinh H.3.

l )

I

+
]-.}r (

hoAn

Tr6n co sd ket qua lap m6 hinh x5c dinh duqc
c6c th6ng s5 sau:

.! Bi€n dQ dao alOng crSa chuy6n dich:
r--;-----;

a= ,lai +ai = 14,6 mm.

.i. Chu kV tuAn hoin xdy ra chuy6n dich fdr:

T=(2rlw)=1 1.5 thang.
K6t qui ki6m tra mO hinh vdi 2 chu ki, cu6i cung

(17, 18) rd:

Qrra=-91.a0 mm; sai s6 dv b6o ld: p=8,5 mm;

Qxel=-62.76 mm; sai s6 du b6o lir: p=0,9 mm. 
.

3. Kiit luan
.l Trong bai bao da d6 xuat mQt sO dqng hdm s6

vd quy trinh, hQ th6ng c6ng thr?c tinh todn tl6 dqrng
mO hinh chuyBn dich ngang c6ng trinh dap theo thoi
gian, phu hqp voi didu kien thuc t6 Viet Nam.

* Hdm da th0c atuqc ap dung de dU bao
chuy6n dich c6ng hinh trong giai doan thi c6ng v?r

6em ti6p trang 40)
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. Tu hinh H.6 ta nhan thAy khi ld chq phia tren de
ti6n hdnh khau than song thi khi chi6u driy via lt)
1,5 m vd 2,4 m hien tuqng dich chuyen vd ph6 hiy
n6c ld so vdi trudng hop 5,5 m ld nhd hon. Tuy
nhi6n do dnh hu&ng ctia 6p luc dong trong que
trinh khai thec nay gay ra hien tuong birng n6n.
Trong khi trudng hqp chi6u ddry via 5,5 m do dlch
chuy6n_ vd phi hoqi ndb ld l6n, do d6 hiQn tuong
DUng nen gtam oang Ke.

3. KCt luan

Voi c6ng cq UDEC 4.0 vA FLAC 3D t6c gid ti6n
hanh m6 hinh h6a hai gLpong.ld cho khai thac trong
di6u ki6n hai via than.nim gAn nhau <8 m, sau d6
ti6n ti6n hrinh khdo s6t tham s6 chi6u diry via than
phia bCn tren thay d6i la 2,4 m, 3,S m vd 5,S m.Tir
d6 thu duqc k6t ludn sau: .

, Khi l0 cho ti6n hdnh khdu- than, teng det da
phia n6c duEc tU do dich chuydn d6n tl6n 5p h,rc
n6c duoc giim t6i. Khi chidu ddy via than trCn t6ng
l6n ti lC thuan voi qu5 trinh giam tai ph5n ddt de
n6c cOa via, k6t qud la ep lyc tac dung l6n via than
dudi gi6m va trong m6 hinh s6 khao sat hoan toan
chua xuat hiCn bi6u hi6n phe hui nghiCm trang 6
via than b€n du6i.

* Khi chi6u ddry via than phia tren t6ng, hien
tuong bung n6n gidm. Nguy6n nhin la do qre trinh
khSu than tao khoeng kh6ng dich chuy6n,6p h,rc
cl6t d6 phAn n6c drpEc gidm t6i CIdng k6.

* Trong pham_vi khdo sat cia bai bao, tec gia
chua tim dugc m5i lien hC giira chi6u diry cia via
than tr€n vd quy luQt ph3n b5 Ong sudt trong tru
bio vQ.Tuy nhi6n c0ng tlua ra duqc quy luat phan
b6 Ong suSt trong trq bio v€ chiu t6c d\ing tdi irong
dQng trong que trinh khai th6c ld cho Id tt6ng nhdt
vdi hinh dang dic trung duqc m6 ta nhu tren hinh
H.4 vd H.3.

Trong- phqm vi biri b6o_t6c.gid phAn bi6t dtng
UDEC de khdo s6t tham s6 chi6u ddy via than thay
d6i, ding FLAC 3D dc khao s6t inh hu&ng tii
trgng d6ng cl6n sg ph6n b6 Ong suAt trong trp bdo
v6 song chSc chin c0ng khdng th€ ch0 y cruqc hCt
cec bi6n dQng dia chAt, do vAy do dac, quan tric
v5n s6 ldr c6ng cu b6 tro d6c lgc trong qua trinh
khai th6c. Srl dung c5c phuong phap kh6c nhau
trong nghien cl.}u va giai quyCt c6c bdi to5n thuc t6
ddi h6i sH hEp t6c chet chC ala nganh, ct6ng thdi
ddi h6i m6i nganh chuyen m6n ct6u phei phaatriCn,
hoan thiCn c6c thri thudt nghien cou ri6ng.O"
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Nguoi bi6n tQp: V6 Trgng Hing

PHI,IIT{G PHIP THANH TAP...

The paper shows the study results of
destroyed rock manifestation using the
numerical method in the case of layer
thinkness change.

SUMMARY

The article content established survey
methods to build the movement model of
dams construction for forecasting
subsidence and horizontal moving.
Established algorithms and determine the
factor of movement model using least
squares method. This model allows
forecasting movement of construction with
high reliability.

SUMMARY

E

(Ti6p theo tnng 44)

thdi ky dau van henh c6ng trinh ddp. Cdn hdm tuin
hoan va hdm h6n hop duqc sr} dqng trong giai
doan van hdnh c6ng trinh dap.tr
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