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U'ng dung phwong phap binh sai hiéu tri do dé xir Iy lwéi quan
trac chuyén dich ngang cong trinh

Lé Ptrc Tinh *

Khoa Trdc dia - Bdn do6 va Qudn ly ddt dai, Trwong Dai hoc M6 - Dia chdt, Viét Nam

Quan trdc chuyen dich chuyen dich ngang cong trinh la cong tdc trac dia d6
chinh xdc cao, vi vdy dé bao ddam do tin cdy cua két qud quan trdc cdn phal
dp dung cdc gidi phdp ky thudt hop Iy, chat ché trong thiét ké cling nhuw to
chttc do dac ngoai nghlep va trong tinh todn xw ly s6 liéu. Luéi quan trdc
bién dang cong trinh ¢ tinh ddc thu la dang lwéi do Iap, sor do lwoi thwong
dugrc gitr nguyén trong cdc chu ky quan trdc. Vi vdy, cé thé ap dung phuwong
phdp binh sai hiéu cdc tri do trong 2 chu ky. Bai bdo cd ndi dung tng dung
phu'0'ng phdp binh sai hiéu tri do dé xi Iy lwéi quan trdc chuyen dich ngang
cong trinh. Trén co s¢ nghién civu Iy thuyét da xay du'ng hé thong thudt todn
va quy trinh xit Iy s6 liéu phtl hap Tinh diing ddn cua cdc dé xudt néu ra da
duworc kiém chitng thong qua vi du thwe nghiém.
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Quan tric chuyén dich
ngang

Lu¢i quan tric chuyén
dich ngang

Quan trac

1. Mé& dau

bé danh gia ding dwoc gia tri chuyén dich
bién dang cda cong trinh thi khong nhitng phai
trng dung phwong phap thiét ké lwéi toi wu, ap
dung cadc may mac thiét bi hién dai do chinh xac
cao ma con phai lwa chon phwong phap x ly s6
liéu phu hop ding ban chat cia mang lwéi quan
tric bién dang cong trinh 1a diéu rit can thiét.
Thong thuwdmg lwdi quan trac bién dang cong trinh
la dang lwéi do lap, so d6 lwdi thwong dwoc gitr
nguyén trong cac chu ky quan trc. Vi vay, c6 thé
ap dung phwong phap binh sai hiéu céc tri do dé
xtr Iy mang lwéi quan trac (Trwong Quang Hiéu,
Nguyén Hong Son, 2006; Trwong Quang Hiéu,
Nguyén Hong Son, 2008; Nguyén Hong Son, 2010;
Lé Dirc Tinh, 2012). Phwong phép xtr ly s6 liéu nay
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cho phép gidm dang ké tac dong ctia cac nguodn sai
s6 hé thong va sai s6 s0 liéu goc dén két qua tinh
toan cudi cung,

2. Co' s& ly thuyét

Gia str trong 2 chu ky (ki hiéu la chuky 1 va 2)
trén co s& s6 liéu do dac mang lwédi & thye dia va
thwc hién noi dung tinh toan binh sai thu dwoc hé
phwong trinh sé hiéu chinh tri do cta 2 chu ky
twong &ng la (Tamutis, 1986; Tran Khanh va nnk,
2010; Lé btrc Tinh va nnk, 2011; Lé Ptc Tinh,
2012):

- b6i véi chu ky 1:

V, = A X, + Ly (1)

- D6i v6i chu ky 2:

V, = A, X, + L,

Khi @6 hinh lwéi quan trac trong 2 chu ky do
la nhw nhau, sé c6 A; = A, = A. Thuc hién phép
trir theo tirng vé€ 2 biéu thirc (1) va (2) thu dwoc
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biéu thirc tinh hiéu s6 hiéu chinh tri do Vi, trong 2
chu ky:
V12 =V2 _Vl = A(X2 - Xl) + (L2 - Ll) (3)
Né&u chon vector toa d6 gan dling giong nhau
trong ca 2 chu ky quan tric thi hiéu 2 vector
nghiém & 2 chu ky d6 sé l1a vector chuyén dich g,
tirc la: gyp = X, — X;. Do vector s6 hang tw do
trong phwong trinh s6 hiéu chinh dwogc tinh theo
cong thire: V =Tgq —Tgo, nén khi vector toa do
gan dang trong 2 chu ky la nhw nhau, sé c6:
V12 = A'qu _Ale (4)
Vi vector trong so cia hiéu tri do dworc tinh
theo cong thirc:
L.
Pl + P2
Trén co s& hé phwong trinh s6 hiéu chinh doi
vOi hiéu tri do (4) va theo nguyén ly s6 binh
phurong nhé nhat thanh 14p dwoc hé phwong trinh
chuén:

(5)

A’ PAq,, — A’ PAT,, =0
Tlr d6 xac dinh truc ti€p dwoc vector chuyén
dich ctia cac diém quan trac:
0, = (ATPA)'ATP.AT,, (6)
Khi binh sai lwdi theo hiéu tri do, néu s6 liéu
toa do goc trong chu ky 2 c6 thay déi so vi so liéu
goc & chu ky 1 thi cin phai hiéu chinh sy thay doi

dé trong hiéu tri do. Gia st gitta tri do t va vector
s6 liéu goc X c6 moi lién hé:
t= (X, %X X,)- (7
Néu dx; 1a gia tri bién dong cua sé liéu goc x;
(i= 1,n), khi d6 gia tri bién dong cda tri do dworc
tinh theo cong thirc (4), (5).

(ﬂj.dxl + (ﬂ}dxz +
OX, oX,

ot (ﬂ}dxn

i oX,,

Ttr d6 suy ra, néu so liéu goc trong chu ky do
thir 2 ¢6 sw thay d6i so véi chu ky 1 thi can phai
tinh gia tri bién déng cha cac tri do (& chu ky 2)
theo cong thirc (8) va hiéu chinh vao tri do & thuc
dia v&i ddu ngwoc lai. Nhw vy c6 thé thiy rang,
quy trinh tinh toan binh sai theo hiéu tri do cling
dwoc thwe hién giong nhw trvomg hop binh sai véi
day tri do tach biét trong tirng chu ky riéng ré.

dt = (8)

3. Thuc nghiém binh sai lwéi quan tric theo
hiéu tri do

Lwéi thwe nghiém 13 lwéi quan trac chuyén
dich ngang (xay dung theo d6 hinh giao héi canh)
cong trinh thuy dién Yaly (Lé Dtrc Tinh, 2012)
Trong lwdi c6 6 diém goc (ki hiéu 1a QT2...QT10)
va 8 diém quan tric (ki hiéu 1a M1, M5,..M30).

y
QT10

Hinh 1. Sor db lwéi thuwe nghiém.
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Bdng 1. Toa dé cdc diém géc.
. o Chuky 1 Chu ky 2
S6 TT | Tén diém x(m) y(m) x(m) y(m)
1 QT2 1574554.4983 805200.0739 1574554.4976 805200.0726
2 QT3 1574814.6063 805458.7394 1574814.6101 805458.7542
3 QT4 1575256.5022 805633.1292 1575256.5008 805633.1311
4 QT5 1575472.3894 805858.8324 1575472.3923 805858.8319
5 QT9 1574191.3153 805794.8647 1574191.3129 805794.8639
6 QT10 1574036.4409 805473.4806 1574036.4417 805473.4787
Bdng 2. Két qud do canh trong 2 chu ky.
So o Canh do (m) S6 A Canh do (m)
pr | Teneah e g1 | Chukyz | TT | eneanh a1 | Chuky 2
1 QT2 M1 1112.747 1112.745 24 QT4 M30 812.601 812.603
2 QT2 M5 1090.018 1090.017 25 QT5 M1 290.223 290.226
3 QT2 M9 1031.615 1031.613 26 QT5 M5 422.319 422.319
4 QT2 M13 933.447 933.446 27 QT5 M9 541.820 541.816
5 QT2 M17 784.377 784.379 28 QT5 M13 646.468 646.466
6 QT2 M21 708.114 708.114 29 QT5 M17 742.866 742.863
7 QT2 M25 605.097 605.096 30 QT5 M21 799.012 799.013
8 QT2 M30 593.004 593.002 31 QT5 M25 896.507 896.508
9 QT3 M1 748.579 748.572 32 QT5 M30 1016.800 1016.806
10 QT3 M5 736.507 736.495 33 QT9 M1 1102.857 1102.855
11 QT3 M9 696.343 696.330 34 QT9 M5 1002.753 1002.753
12 QT3 M13 623.637 623.627 35 QT9 M9 877.693 877.696
13 QT3 M17 510.164 510.154 36 QT9 M13 731.743 731.750
14 QT3 M21 461.071 461.064 37 QT9 M17 570.873 570.878
15 QT3 M25 419.415 419.410 38 QT9 M21 493.926 493.934
16 QT3 M30 483.275 483.276 39 QT10 M1 1358.280 1358.278
17 QT4 M1 425.749 425.745 40 QT10 M5 1278.790 1278.783
18 QT4 M5 500.047 500.043 41 QT10 M9 1167.847 1167.848
19 QT4 M9 557.134 557.130 42 QT10 M13 1027.093 1027.090
20 QT4 M13 594.326 594.319 43 QT10 M17 854.519 854.522
21 QT4 M17 615.475 615.469 44 QT10 M21 766.245 766.252
22 QT4 M21 639.571 639.566 45 QT10 M25 634.449 634.449
23 QT4 M25 700.329 700.327 46 QT10 M30 524.532 524.529
Bdng 3. Két qud binh sai két hop 2 chu ky.
S§TT | Tén bicm Chuyén dich (mm) Sai s6 chuyén dich (mm)
gx 9y Q Mgx Mqy Mg
1 M1 -0.8 0.1 0.8 2.3 2.0 3.1
2 M5 -0.5 -1.9 1.9 2.4 2.0 3.1
3 M9 3.4 -1.9 3.9 2.3 2.1 3.1
4 M13 3.7 -0.7 3.7 2.2 2.1 3.1
5 M17 3.7 1.5 4.0 2.0 2.2 3.0
6 M21 3.6 3.6 5.1 1.9 2.2 2.9
7 M25 -0.8 1.2 1.5 2.1 2.4 3.2
8 M30 -5.3 -0.1 5.3 2.1 2.5 3.3
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Trong moi chu ky quan tric da do 46 canh
bang may toan dac dién tr chinh xac. So d6 lwdi
dwa ra trong Hinh 1, s6 liéu toa d6 cac diém goc
dwa ra trong Bang 1, s6 liéu do canh trong 2 chu
ky dwa ra trong Bang 2.

Binh sai hiéu tri do dwoc thuc hién bang phan
mém Construction Deformation Analysis (Lé Dic
Tinh, 2012). Két qua truec tiép tinh dwoc chuyén
dich c4c diém quan trac gan trén cong trinh (Bang
3) va cac tham sé binh sai ctia hiéu tri do.

DE c6 co sé so sanh két qua tinh todn theo cac
phwong an binh sai khac nhau, trong bai bao da
thuc hién binh sai tach biét 2 chu ky doi véi mang
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lw6i quan tric thwe nghiém néu trén. Tir toa do
binh sai tinh dwoc gia tri chuyén dich ctia cac diém
quan trac. K&t qua binh sai toa dd & 2 chu ky dworc
dwa ra trong cac Bang 4, Bang 5; két qua tinh
chuyén dich dwa ra trong Bang 6.

Nhén xét thuwc nghiém: So sanh két qua 2
phwong an binh sai (Bang 3 va Bang 6) c6 thé thay:
Két qua tinh chuyén dich ngang trong 2 phwong
an 1a nhw nhau. Cac chi tiéu sai s6 chuyén dich
trong phwong an binh sai hiéu tri do c6 gia tri nhé
hon so véi phwong an binh sai tich biét, diéu nay
xay ra la do anh hwdng cla sai s6 hé thong hoac
sai s0 s6 liéu goc con ton tai trong cac chu ky do.

Bdng 4. Két qud binh sai toa d chu ky 1.

SETT Tén didm Toa do binh sai (m) Sai s6 vi tri diém

X y my my my
1 M1 1575262.0890 806058.8307 1.0 0.8 1.3
2 M5 1575140.0667 806119.4196 1.0 0.9 1.3
3 M9 1575002.8320 806129.1477 1.0 0.9 1.3
4 M13 1574865.0637 806080.3209 0.9 0.9 1.3
5 M17 1574736.8714 805962.9370 0.8 0.9 1.2
6 M21 1574674.3524 805897.9526 0.8 0.9 1.2
7 M25 1574577.5387 805804.7188 0.9 1.0 1.3
8 M30 1574458.2814 805785.2054 0.9 1.0 1.4

Bdng 5. Két qud binh sai toa d chu ky 2.
S§TT | Tén dicm Toa dd binh sai (m) Sai s0 vi tri diém

X y my my mp
1 M1 1575262.0882 806058.8308 1.8 1.6 2.4
2 M5 1575140.0662 806119.4177 1.8 1.6 2.4
3 M9 1575002.8354 806129.1458 1.8 1.6 2.4
4 M13 1574865.0674 806080.3202 1.7 1.7 2.4
5 M17 1574736.8752 805962.9385 1.5 1.7 2.3
6 M21 1574674.3561 805897.9562 1.5 1.7 2.3
7 M25 1574577.5379 805804.7200 1.7 1.8 2.5
8 M30 1574458.2761 805785.2053 1.6 1.9 2.5

Bdng 6. Két qud tinh chuyén dich theo phwong phdp binh sai tdch biét.

S6 Tén Chuyén dich (mm) Sai s6 chuyén dich (mm)

TT Diém Qx qy Q Mgy Mgy mgy
1 M1 -0.8 0.1 0.8 2.9 2.5 3.8
2 M5 -0.5 -1.9 1.9 2.9 2.6 3.9
3 M9 3.4 -1.9 3.9 2.9 2.6 3.9
4 M13 3.7 -0.7 3.7 2.7 2.7 3.8
5 M17 3.8 1.5 4.0 2.4 2.7 3.6
6 M21 3.7 3.6 5.1 2.4 2.7 3.6
7 M25 -0.8 1.2 1.5 2.7 2.9 4.0
8 M30 -5.3 -0.1 5.3 2.6 3.0 4.0
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4. Kétluan

Trén co s& phén tich ly thuyét va tinh toan
thuc nghiém, c6 thé riat ra mot s6 nhin xét sau:

1- Két qua binh sai hiéu tri do khong chiu d&nh
hwdng cua sai s6 hé thong va sai s6 s6 liéu goc cd
dinh (do cac loai sai s6 nay duwoc loai trir trong
hiéu tri do gitra 2 chu ky). Vi vay, viéc danh gia do
chinh x4c chuyén dich trong phwong phap binh sai
hiéu tri do cé do tin cay cao hon so véi binh sai
tach biét theo tirng chu ky do.

2- Vector s6 hang tw do khi binh sai hiéu tri do
dworc tinh don gian hon so v&i binh sai tach biét.
Két qua binh sai cho phép tinh truc tiép dwoc ngay
gia tri dich chuyén cta cac diém quan trac.

3- Tuy vay, phwong phap binh sai hiéu tri do
cling c6 nhwoc diém la yéu ciu do hinh lwéi trong
céc chu ky quan tric phai giit nguyén, diéu nay c6
thé dan dén mot s6 rang budc trong té chitc cong
tAc quan tric ngoai nghiép.
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ABSTRACT

Application methods for measuring adjustment handling effective
treatment network monitoring horizontal movement of engineering
structures

Tinh Duc Le
Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam.

The monitoring of engineering structures’ movement is one of precise surveying activities. In order
to obtain optimal accuracies for deformation parameters, the procedure of movement observation should
contain appropriate technical approaches in both measurement and data processing. The control
network for the deformation monitoring is characterized by its repeated measurement and a fixed
configuration throughout all of observations. Hence, an adjustment method using different
measurements of two cycles is applied to process the observation data of structures’ movement. In this
study, The adjustment method was used to process the horizontal movement of engineering structures.
Based on the theory of this method, the study proposed a new processing data approach that consists of
algorithms and a proper processing procedure. The results of the numerical experiments showed the
effectiveness of the developed method

Key words: Monitoring horizontal displacement, horizontal displacement network, Monitoring
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