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HIEU QUA CONG TAC PHAN TiCH BIEN DANG CONG TRINH
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Tom tit
Chuyén dich va bién dang cong trinh duoc xdc dinh la su thay doi toa do va dé
cao cia cong trinh tai cac thoi diém do dac khac nhau. Két qua xir 1y s6 lidu quan trdc
bién dang cong trinh la co s¢ dé danh gid sw on dinh va an toan ciia céng trinh trong
qud trinh xdy dwng ciing nhw van hanh. Hién nay mdy tinh dé ban hodc laptop dwgc sir
dung rat nhiéu cho cong tac xi Iy két qua do dac trdc dia. Viéc sir dung nhitng phirong
phdp va thudt todn da dwoc Idp trinh trén mdy tinh cho phép gidi quyét nhanh chéng
va don gian cdc bai todn véi khoi lwong tinh todn I6n. Bai bdo nay nghién ciku vé iing
dung ciia phwong phdp binh sai truy hoi trong xir Iy s6 liéu dé néng cao hiéu qua cong
tic phan tich bién dang céng trinh. Két quad thiee nghiém cho thdy thudt todn dwoc dé
xudt trong bai bdo thuc hién thudn tién va sau khi binh sai két hop cdc chu ky, do chinh
xdc vi tri cde diém quan trdc sé ndng cao.
Tir khéa: Binh sai truy hdi; Thuat toan; Binh sai két hop cac chu ky; Phan tich
bién dang
Abstract

Research on data processing algorithm to enhancing the efficiency of construction
structure deformation analysis

The displacement and deformation of the structure is defined as the change of
the structure’s coordinates and height at different measurement times. The results of
deformation monitoring data processing are the basis to evaluate stability and safety
of the structure during construction as well as operation. Currently, PC or laptop
is widely used in processing the results of geodetic measurements. Using methods
and algorithms that have been programmed on a computer can solve problems with
huge amount of calculations simply and quickly. The article discusses the application
of recurrent method of adjustment in data processing to improve the efficiency of
structures deformations analysis. The study results show that the algorithm proposed
is convenient to implement. After the adjustment of the combination of cycles, the
accuracy of monitoring points will be improved.

Keywords: Recurrent method of equalization; Algorithm; Adjustment of the
combination of cycles; Deformation analysis.

1. Pat van dé

Trong thyc té, hién nay viéc quan
trac chuyén dich va bién dang cong trinh
& nudc ta van chu yéu thuc hién theo
phuong phép truyén théng tir khau thiét
ké ludi, do dac va tinh toan xir ly sé liéu.
Ludi quan trac bién dang cong trinh ¢
dac thu la dang luéi do lap, mdi lan do

dugce goi 1a mot chu ky va so dd ludi
thuong dugc gitt nguyén. Su thay doi toa
d6 va do cao cua cong trinh (cac diém
quan tric gan tai cong trinh) tai cac thoi
diém do khac nhau chinh 13 su chuyén
dich va bién dang cong trinh. Vao dau
thé ki XX, phuong phap binh sai truy hoi
v6i nhiéu vu diém va ung dung thuan tién
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dd duoc tién hanh nghién ctru va 4p dung
rong ri trong todn hoc cling mot s6 nganh
khéc, trong d6 c6 Trac dia. Bai bdo nay sé&
nghién cuou va dua ra thuat toan binh sai
két hop lan lugt cac chu ky ¢o tri do lap
lai dua trén ung dung cua phuong phap
binh sai truy hoi dé xur 1y s6 lidu, nang
cao hiéu qua cong tac phan tich bién dang
cong trinh.

2. Co s6 1y thuyét

2.1. Phwong phdp binh sai truy hoi

Phuong phap binh truy héi cho phép
t1nh ducc ma trin trong so dao Q, cua céc
an s6 o budc tinh thir i dya vao ma tran
nghich dao Q,_, da xdc dinh dugc ¢ bude
tinh trude do (budc i-1) vdi cong thic:

Qi = Qi1 — Z{ N7 'Z; (D)
trong do: Z{ = Qi1 A]
N; =P+ A;Q_AT =Pt + A, Z].

A, - ma trdn h¢ s6 phuong trinh sb
hiéu chinh ctia nhom tri do i,

P. - ma tran trong s6 ctia nhom tr do i.

Trong truong hop tri do don 1¢, néu a,
1a vecto hé so phu:(mg trinh sb hiéu chlnh
thtr 1, p,1a trong s6 cua tri do thir i, thi
cong thire (1) c6 dang:

1
Qi =Qi—1— gZ;TZi (2
véi: Zi = Qiqaf
9i =pit+a;Qi1af =p;t +a;Zf

Trong céc nghién ctru trude day cua
tac gid, cling nhu cia cac nha khoa hoc
trong va ngoai nudce [1, 2, 3, 5, 6] cho
thdy: néu tinh toan tir dau thi ma tran khoi
tinh Q_ c6 thé dugc tinh theo cong thirc Q,
=10™ E v6im>5.

2.2. Tiéu chuan ddanh gida do on dinh
cua cdc moc co' so

C6 2 nguyén nhan dan dén su chénh
léch toa do hoac do cao (ki hi¢u do léch

nay 1a A) cioa diém méc co sd trong
khoang thoi gian gifra 2 chu ky do la:

- Do dich chuyén co hoc cua mdc 3);

- Do sai s6 do trong cac chu ky quan
trac (9,).

Thuec té khong thé xac dinh duoc gia
tri thuwe anh hudng cua moi yeu to trong
2 nguyén nhin néu trén dén 4o léch A
ma chi co thé danh gid dugc muc d§ anh
huong cia céc yéu té6 do. Viéc xdy dung
ti€éu chuan on dinh moc duoc dua trén co
s¢ ly luan sau [6, 7]:

Néu cac mdc 6n dinh (theo nghia 14
9, ¢b gia tri nho khong dang k€ so v6i do
1€ch A) thi sy khac biét toa do (dd cao) chi
co thé do sai s0 do gay nén, do do6 gia tri
chénh léch A khong thé vugt qué gidi han
cua sai s0 do (sai sO gidi han xdc dinh do
chénh I1éch do).

Tiéu chuén néu trén duoc cu thé hoa
bang biéu thuc:

q=tmg,

3)

yéi qva m, la gia trirchénh léch va
sai sO tuong ung; t - h¢ so xac dinh tiéu
chuan gidi han, thuong dugc 14y gid tri tir
2 dén 3.

2.3. Thudt todn binh sai két hop lan
lwot cdc chu ky co tri do lap lai
Dé binh sai két hop chu ky quan
trdc thir s v6i toan bd cac chu ky do trude
do, trudc tién phai thanh 1ap ma tran trong
s6 ddo cua cac an sd c6 dang nhu sau:

o= (%" o)

trong do:

4)

- la ma tran trong s6 dao cua cac an
s6 , da dugc xac dinh sau khi binh sai két
hop cac chuky 1, 2, ..., (s-1).

- 14 ma tran trong s6 dao cac an sb
duoc xéac dinh sau khi binh sai lugi quan
tric o chu ky s.
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Tiép theo thuc hién tinh todn
theo cong thuc cua phuong phdp binh
sai truy hoi cho tat ca cac phuong trinh
s0 hiéu chinh:

Uy = O0Xs_; — Ox4 + 1

(%)

dugc thanh 1ap tir méi truc toa do cho
cac diém quan trac 6n dinh tuong tng (coi
nhu day chinh 1a cac phuong trinh s6 hiéu
chinh ctia cac tri do thura véi va).

Str dung tiéu chudn danh gia mdc co
s& & trén dé 1am co so danh gia cac diém
quan tric. Lic nay, tiéu chuan danh gia
diém quan trac 6n dinh ¢6 thé dugc cu thé
héa bang biéu thirc:

<4

(6)

vOi:

lgn = it\/m,zcs +mi__ (7)
trong d6: My, Mg, 1a sai s6 trung

phuong cua cac an sé duogc xac dinh sau

khi binh sai chu ky s va binh sai két hop

chuky 1,2,... (s-1);

Trong trudng hop thi diém quan tric
duoc coi 1a khéng 6n dinh va cac phuong
trinh s hiéu chinh twong tng véi céc
diém d6 s& khong duoc dua vao tinh toan.

Nghién ciru

Két qua s&€ nhan dugc ma trén trong
s6 d4o Q; sau khi binh sai két hop s chu ky,
con vecto an so duogc tinh theo cong thic:

Xg=x,— N71ZTL (8)
véi L - vecto sb hang tu do trong hé
phuong trinh s6 hiéu chinh thanh 1ap véi
céac diém quan trac 6n dinh.

3. Két qua thwe nghiém

Trong phan thyc nghiém, ching ta s&
xur 1y s6 li€u 3 chu ky do luéi quan trac lun
khach san Bac Ninh (ngd 6 phuong Sudi
Hoa, thanh ph6 Bac Ninh, tinh Bac Ninh).

3.1. 86 li¢u géc va so liéu do

D9 cao diém gbc H, = 2064.92 mm
va so d0 ludi (Hinh 1) tai 3 chu ky do
khong thay doi.

MG he MS

hs

My

Hinh 1: So dé lwéi quan tréc liin khdch san
Bac Ninh

S liéu do & cac chu ky dugc trinh bay trong Bang 1

Bing 1. Sé liéu do tai cdc chu ky

STT Chénh cao do Gia tri chénh cao do (mm) S6 tram ma
(mm) CK1 CK2 CK3 CK1 CK2 CK3
1 h, -3420.23 -3420.86 -3420.66 6 6 6
2 h, -23.81 -22.91 -25.42 2 2 2
3 h, -0.76 -0.74 -1.15 2 2 2
4 h, 30.54 30.32 32.92 2 2 2
5 h -32.82 -32.79 -32.72 2 2 2
6 h, 7.64 7.56 7.41 2 2 2
7 h, 29.2 29.07 28.96 1 1 1
8 h, 1.88 1.69 1.64 1 1 1
9 h, -11.14 -11.04 -11.09 1 1 1
10 h, 5.72 6.41 6.71 2 2 2
11 h, 2.98 2.85 2.55 2 2 2
12 h, 9.21 9.63 9.63 2 2 2

115

Tap chi Khoa hoc Tai nguyén va Moi truong - So 31 - nam 2020



Nghién ciru
3.2. Két qua tinh todn
*Chu ky 1:

Sau khi binh sai, nhan dugc ma tran nghich ddo Q, tai chu ky 1 va dg cao céc diém
quan tric sau binh sai (Bang 2):

[6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000
6.000 7.436 6.873 6.309 6.236 6.164 6.127 6.064
6.000 6.873 7.745 6.618 6.473 6.327 6.255 6.127
6.000 6309 6.618 6.927 6.709 6.491 6.382 6.191

1 =
Q 6.000 6.236 6.473 6.709 7.836 6964 6.527 6.264
6.000 6.164 6.327 6.491 6.964 7436 6.673 6.336
6.000 6.127 6.255 6.382 6.527 6.673 6.745 6.373
6.000 6.064 6.127 6.191 6.264 6.336 6.373 6.686
Bing 2. Pj cao diém quan tric sau binh sai tai chu ky 1
STT Tén didm Do cao Sai s6 truflxg phwong dj cao
(mm) diém (mm)
1 M, 2063.390 0.506
2 M, 2039.540 0.563
3 M, 2038.740 0.575
4 M, 2069.239 0.544
5 M 2036.148 0.578
6 M, 2043.516 0.563
7 M, 2072.580 0.537
8 M, 2074.495 0.534
Sai s6 trung phuong trong s6 don vi:
*Chu ky 2:

Sau khi binh sai, nhan dugc ma tran nghich dao Q, tai chu ky 2 va d¢ cao céc diém
quan trac sau binh sai (Bang 3):

[6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000
6.000 7.436 6.873 6.309 6.236 6.164 6.127 6.064
6.000 6.873 7.745 6.618 6.473 6.327 6.255 6.127
6.000 6309 6.618 6.927 6.709 6.491 6.382 6.191
6.000 6.236 6473 6.709 7.836 6.964 6.527 6.264
6.000 6.164 6327 6.491 6.964 7.436 6.673 6.336
6.000 6.127 6.255 6.382 6.527 6.673 6.745 6.373

| 6.000 6.064 6.127 6.191 6.264 6336 6.373 6.686
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Bing 3. Pj cao diém quan tric sau binh sai tai chu ky 2

Nghién ciru

STT Tén diém Pj cao (mm) Sai 50 trung phwong 9 cao diém (mm)
1 M, 2062.760 0.507
2 M, 2039.770 0.565
3 M, 2038.950 0.576
4 M, 2069.190 0.545
5 M 2036.100 0.580
6 M, 2043.360 0.565
7 M, 2072.280 0.538
8 M, 2073.885 0.536

Sai s6 trung phuong trong s6 don vi:

Trong vi du nay, tac gia chon t = 2.5 dé danh gla su 6n dinh cia diém quan tréc.
Dua trén co s¢ do cao cac dlem sau binh sai va sai s0 trung phuong do cao dlem cua
2 chu ky 1, 2, nhan duogc két qua phan tich sy 6n dinh cta diém quan trac dé tién hanh
binh sai ket hop chuky 1,2 trong Bang 4:

Bing 4. Két qud phan tich sw én dinh ciia diém quan trdc tai chu ky 2 d@é tién hanh binh

sai két hop chu ky 1, 2
STT Tén diem 1 (mm) 1, (mm) Phan tich
| M, +0.630 +1.792 On dinh
2 M, -0.230 +1.995 On dinh
3 M, -0.210 +2.036 On dinh
4 M, +0.049 +1.925 On dinh
5 M +0.048 +2.047 On dinh
6 M, +0.156 +1.995 On dinh
7 M +0.300 +1.900 On dinh
8 M, +0.610 +1.891 On dinh

Két qua cho thdy cac diém quan tric deu dugce coi 1a 6n dinh nén dé binh sai két
hop chu ky can thanh 1ap phuong trinh s hiéu chinh cho toan bo cac diém nhu theo
cong thic (5).

Ma tran nghich dao khéi dau cho viéc binh sai két hop chu ky dugc thanh lap nhu
cong thire (4). Sau do6 st dung cong thire binh sai truy hoi d¢ tinh ma tran nghich dao
sau khi binh sai két hop 2 chu ky.

Két qua ma tran (khdi ma tran 8 * 8 & phia dudi bén phai ma tran c6 kich thudc
16 * 16 vira tinh dugc) nhu sau:

Q2

[3.000
3.000
3.000
3.000
3.000
3.000
3.000

3.000

3.000
3.718
3.436
3.155
3.118
3.082
3.064
3.032

3.000 3.000
3.436 3.155
3.873 3.309
3.309 3.464
3.236 3.355
3.164 3.245
3.127 3.191
3.064 3.095

3.000
3.118
3.236
3.355
3.918
3.482
3.264
3.132

3.000
3.082
3.164
3.245
3.482
3.718
3.336
3.168

3.000
3.064
3.127
3.191
3.264
3.336
3.373
3.186

3.000
3.032
3.064
3.095
3.132
3.168
3.186
3.343
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Tu viéc so sanh cac ph?ln tr trén dudng chéo ctia 2 ma trdn Q, va cho th?iy viéc
binh sai két hop 2 chu ky cho phép nang cao do chinh xac d6 cao diém quan trac.
Két qua do6 cao diém quan tréc sau khi binh sai két hop 2 chu ky 1, 2 dugc dua ra
trong Bang 5:
Bing 5. Py cao diém quan tric sau binh sai két hop 2 chu ky 1, 2

STT Tén diém b6 cao (mm) Sai s0 trung phwong d9 cao diém (mm)
1 M, 2063.075 0.359
2 M, 2039.655 0.399
3 M, 2038.845 0.408
4 M, 2069.215 0.385
5 M, 2036.124 0.410
6 M, 2043.438 0.399
7 M, 2072.430 0.380
8 M, 2074.190 0.379
*Chu ky 3:

Sau khi binh sai, nhan dugc ma tran nghich dao Q, tai chu ky 3 va dg cao céc diém

quan trac sau binh sai (Bang 6):

[6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000
6.000 7.436 6.873 6.309 6.236 6.164 6.127 6.064
6.000 6.873 7.745 6.618 6.473 6.327 6.255 6.127
6.000 6.309 6.618 6.927 6.709 6.491 6.382 6.191

Q= 6.000 6.236 6.473 6.709 7.836 6.964 6.527 6.264

6.000 6.164 6.327 6.491 6.964 7.436 6.673 6.336

6.000 6.127 6.255 6.382 6.527 6.673 6.745 6.373

| 6.000 6.064 6.127 6.191 6.264 6336 6.373 6.686 |
Bdng 6. Dj cao diém quan tric sau binh sai tai chu ky 3
STT Tén diém DP§ cao (mm) Sai 50 trung phwong 9 cao diém (mm)

1 M, 2062.960 0.545
2 M, 2037.637 0.607
3 M, 2036.584 0.619
4 M, 2069.601 0.585
5 M 2036.575 0.623
6 M, 2043.679 0.607
7 M, 2072.486 0.578
8 M, 2074.088 0.575

Sai s6 trung phuong trong sé don vi:

Trong vi du nay, tic gia chon t = 2.5 dé danh gid sy 6n dinh cia diém quan tric.
Dua trén co so két qua do cao cac diém sau binh sai va sai sé trung phuong do cao
diém cua hop nhét chu ky 1, 2 va cda chu ky 3, nhan duogc két qua phan tich su 6n dinh
ctia diém quan trac dé tién hanh binh sai két hop céc chu ki 1, 2, 3 trong Bang 7:
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Bing 7. Két qud phan tich sw én dinh ciia diém quan trdc tai chu ky 3 dé tién hanh binh
sai két hop cdc chu ky 1, 2, 3

STT Tén diém 1 (mm) 1, (mm) Phan tich
1 M, +0.115 +1.631 On dinh
2 M, +2.018 + 1.816 Khong 6n dinh
3 M, +2.261 +1.853 Khéng on dinh
4 M, -0.387 +1.752 On dinh
5 M -0.451 + 1.864 On dinh
6 M, -0.241 +1.816 On dinh
7 M, -0.056 +1.729 On dinh
8 M, +0.102 +1.722 On dinh

Két qua cho théy cac diém quan tréc M, M,, M, M, M, M,, dugc coi la on dinh
va diém M,, M, khong 6n dinh nén d¢ binh sai két hop chu ky chi thanh 14p phuong
trinh s6 hi¢u chinh cho cac diem M, M, M, M, M., M, nhu theo cong thire (5).

Ma tran nghich dao khoi du cho viée binh sai két hop chu ky duoc thanh 1ap nhu
cong thiic (4). Sau d6 sir dung cong thirc binh sai truy hdi dé tinh ma tran nghich déo
sau khi binh sai két hop 2 chu ky.

Két qua ma tran (khdi ma tran 8 * 8 & phia dudi bén phai ma tran c¢6 kich thudc

16 * 16 vira tinh dugc) nhu sau:

[2.000
2.000
2.000

_ 2.000

| 2.000
2.000
2.000

2000

2.000
3.368
2.735
2.103
2.079
2.055
2.042
2.021

2.000 2.000
2.735 2.103
3471 2.206
2.206 2.309
2.158 2.236
2.109 2.164
2.085 2.127
2.042 2.064

2.000 2.000
2.079 2.055
2.158 2.109
2.236 2.164
2.612 2.321
2321 2.479
2.176 2.224
2.088 2.112

2.000
2.042
2.085
2.127
2.176
2.224
2.248
2.124

2.000 |
2.021
2.042
2.064
2.088
2.112
2.124
2229

Tur viéc so sanh cac phan tir trén duong chéo cua 2 ma trn Q, va cho thay viéc
binh sai két hop cac chu ky cho phép nang cao d§ chinh xdc d¢ cao diém quan trac.

Két qua d6 cao diém quan tric sau khi binh sai két hop 3 chu ky 1, 2, 3 duoc dua
ra trong Bang 8:

Bing 8. Py cao diém quan tric sau binh sai két hop cdc chu ky 1, 2, 3

STT Tén diem DP§ cao (mm) Sai 50 trung phwrong d9 cao diém (mm)
1 M, 2063.037 0315
2 M, 2037.602 0.408
3 M, 2036.438 0.414
4 M, 2069.344 0.338
5 M, 2036.274 0.360
6 M, 2043.518 0.350
7 M 2072.449 0.334
8 M, 2074.156 0.332
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Két qua d6 cao sau binh sai cua cac diém quan tric cua chu ky 1, két hop chu ki
1, 2 vakét hop chu ky 1, 2, 3 dugc dua ra trong Bang 9:
Bing 9. Py cao diém quan tric sau binh sai ciia chu ky 1, két hop chu ki 1, 2 va két hop
chukyl, 2,3

A aeX Do cao (mm)
STT | Téndiem & ney K&t hop chu ky 1, 2 K&t hop chuky 1,2,3
1 M, 2063.390 2063.075 2063.037
2 M, 2039.540 2039.655 2037.602
3 M, 2038.740 2038.845 2036.438
4 M, 2069.239 2069.215 2069.344
5 M, 2036.148 2036.124 2036.274
6 M. 2043.516 2043.438 2043518
7 M 2072.580 2072.430 2072.449
8 M, 2074.495 2074.190 2074.156

Dua vao két qua dg cao sau binh sai cua cac diém quan trac & Bang 9, c6 thé tien
hanh phan tich va dua ra cdc nhén xét cu thé vé sy bién dang ctia cong trinh khach san

Bic Ninh,

4. Keét luan

Thuat toan binh sai két hop lan luot
cac chu ky c6 tri do 1ap lai dua trén co so
ctia phuong phap binh sai truy hdi duoc
trinh bay trong bai bdo nay don gian va
dé str dung.

Sau khi dp dung thuat todn nay da
cho ra két qua do cao cua cac diém quan
trac sau mdi lan binh sai két hop cac chu
ky quan tric lin va két qua thuc nghiém
cho thiy d6 chinh xdc d6 cao cta cac diém
quan tric da dugc tang lén.

Chung ta c¢6 thé sir dung cac két qua
d6 cao sau khi binh sai két hop cac chu ky
lam co s& dé dua ra cac nhan xét cu thé vé
su bién dang cua cong trinh. Tir d6 ning
cao hiéu qua trong cong tac phan tich bién
dang cong trinh.
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