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ABSTRACT

The paper analyses the monitoring performance of a cable-stayed
bridge using the Global Navigation Satellite System with post-
processed static and real-time kinematic methods utilising a
Topcon MR2 receiver. Data is collected from a monitoring antenna
on a stayed cable bridge for 9 days from 21/7/2022 to 29/7/2022,
with 216 static observations, one-hour sessions. Regarding the
real-time kinematic method, the study uses 86400 one-second
interval observations. The analysis results indicate that the static
measurement exhibits significantly more minor fluctuations than
the real-time kinematic measurement method, both over one day
and when averaged over one-hour intervals. In terms of trend, both
methods exhibit the same overall trend. Specifically, the smallest
oscillations are observed in the transverse direction of the bridge,
followed by the longitudinal direction, with the largest oscillations
occurring in the vertical direction.

Author: Nguyen Viet Ha' and Vu Ngoc

Keywords: Bridge monitoring, Oscillation, RTK-GNSS, static
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1. GIOI THIEU

Trén thé gi6i c6 nhiéu hé thong dinh vi vé tinh
da va dang dugc st dung rong rai trong cac linh vyc.
(Langley et al., 2015). Sy phat trién ciia chung da
mo rong cac ing dung ctia cong nghé nay trong tat
ca cac linh vyc trong d6 ¢ linh vyc quan tric cong
trinh cau. Cac may thu GNSS hién dai ngay nay ¢
kha ning thu tin hiéu tir nhiéu h¢ théng dinh vi vé
tinh khac nhau, hd tro nhiéu kénh thu va tan s6 giup
cai thién dang ké do chinh xac dinh vi va m& rong
pham vi tmg dung tir khao sat, thi cong, quan tric
dén din duong vé6i hiéu suat cao hon (Unicore
Communications, 2022). Bac biét, viéc tich hop cac
tinh nang [oT da mo ra kha nang ty dong hoa toan
dién, tir cai dat, thu thap dir liéu, truyén tai dir liéu
dén luu trit trén cac may chu, phuc vu cho qué trinh
xu ly sau (ComNav Technology Ltd., 2020). Nho
cac tinh nang tién tién nay, hé théng GNSS c6 thé
thyc hién quan tric tu dong véi cac anten lap dattrén
cau theo thoi gian thuc (Vu et al., 2023), phuong
phap do dong thoi gian thuc (GNSS-RTK) qua két
ndi 4G hodc radio di dugc st dung. Déng thoi, cac
may thu ciing c6 kha nang ghi lai dir li€u do tinh tai
cac tram phuc vu xir 1y dir liéu héu ky.

Vi dic diém két cau nhip dai, dam clu duge d&
b6i hé théng day vang keo tir cac try thap (Lin &
Yoda, 2017) dan dén viéc cac thanh phan nhu nhip
cdu va try thap chiu anh huong dang ké tir dao dong
trong ca giai doan thi céng va khai thac. Hé thong
quan tric stc khoe két cdu (SHMS) bao gdbm nhleu
thanh phan, co thé chia thanh: h¢ thong quan trac
trang thai két cAu (g suit, do vong), hé thong quan
trac khi tuong (nhiét do, do & am, toc d6 gio), hé thong
quan tric chuyén vi va bién dang, cung hé thong
giam sat hinh anh (Luong, 2013). Két qua nghién
ctru cta Bisby (2006) cho thiy mirc d phirc tap cta
hé théng SHMS duoc chia thanh bon cip d6 va trong
tat ca cac cap do nay, thiét bi GNSS déu dong vai
tro thiét yéu dé thyc hién nhiém vu quan tric chuyén
vi.

Véi sy phat trién cua cac thut toan, phwong
phap GNSS-RTK duoc mg dung ngdy cang nhiéu
trong céac linh vuc cta doi song san xuat (Wang et
al., 2023). Trong linh vyc 1am nghiép, phwong phap
nay h tro va kiém soét cong tac van hanh, khai thac
rimg mt cach chinh xac (Cho et al., 2024). Két qua
nghién curu ciia Lewicka et al. (2022) da danh gia 4o
chinh x4c dan dudng tw dong bang giai phap GNSS-
RTK cho may bay khong nguoi 1ai ¢ cac toc do 10
km/h, 20 km/h va 30 km/h. Két qua ctia nghién ctru
c6 y nghia quan trong trong vi¢c dam bao an toan
dinh vi, diéu huéng va c6 kha nang ap dung trong
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nhiéu linh vuc nhu khao ¢6, kién tric, quan 1y rimg,
bay chup, nong nghiép chinh x4c hay quan tric
phuong tién giao théng. Véi linh vuc quan tric, k§
thuat RTK duoc cho 1a mot Iya chon t6t nhat trong
pham vi nho hon 15 km, k¥ thudt PPP-RTK cung
cip d6 chinh xac vuot troi khi tinh dén pham vi va
mirc d6 chénh cao 16n (Huang et al., 2023). Su két
hop ctia cac tri do dong thoi gian thyuc két hop véi
céc tri do cam bién con co6 thé ap dung dé phan tich
dich chuyén dong va tan s6 phuong thirc trong quan
tréc cau nhip dai (Niu et al., 2023). Két qua nghién
ctru cia Du et al. (2020) con cho thay kha ning st
dung phuong phap do dong két hop ky thuat déng
bo va khong dong bo thoi gian dé danh gia do on
dinh mdc tham chiéu.

O trong nude, phuong phéap do tinh c6 thoi gian
thu thap dir liéu dai hon, c6 dd chinh xac cao hon,
dugc ng dung trong nhiéu bai toan do dac khao sat
va di duoc quy dinh trong nhiéu tiéu chuan va théng
tu hién hanh, 1am co s& trién khai, danh gia, nghiém
thu cac ndi dung do dac (Ministry of Construction,
2012; Ministry of Natural Resources and
Environment, 2015). Trong khi d6, phuong phap
GNSS-RTK véi cac phuong phap tram base don hay
mang ludi NET-RTK mac du c6 sy phat trién sau so
v6i cac nude tién tién nhung ciing da duoc sir dung
rong ri thoi gian gan day va dugc tiéu chuan hoa
(Phan et al., 2018; Ministry of Natural Resources
and Environment, 2020) dé phuc vu cong tac do dac
thanh lap binh dd, dugc danh gia cao vé hiéu suét va
d6 chinh xac (Tran & Luong, 2024). Loi thé 16n nhét
ctia phuong phap GNSS-RTK 1a cung cdp sb hiéu
chinh thoi gian thyc. Do do, cac Kkét qua dat duoc 1a
nhanh chéng, ning cao ning suit lao dong. Tuy
nhién, d§ chinh xac ciia phuong phap nay chiu anh
huong boi khoang cach tir may thu t6i tram co' s¢ va
mot sO yeu t6 khac. Phuong phap GNSS-RTK trong
quan tric cong trinh cau ciing c6 sy khac biét so véi
cac linh vyuc khéc, dac biét mirc d6 anh huong cia
cac diéu kién nhu tai trong ban than céng trinh cﬁu,
dao dong theo cac phuong ngang, doc, ding cia
cong trinh cau 1a rat 16n do cau tric manh, khong
can dbi gitia chiéu dai va chiéu rong lai dugc ning
dd boi hé tru thap c6 chidu cao 16n, day vang dai.

Hé thong GNSS trong SHMS bao gom mdt hodc
nhiéu tram co s& dugc dat trén mot nén mong on
dinh va cac tram quan tric gan trén cac két cdu cua
cong trinh cau. Cac phuong phap két ndi va hoat
dong giita tram co sO va tram quan tric ¢ thé la
phuong phap do dong thoi gian thuc, phuong phép
do tinh xtr ly sau hodc phuong phap PPK (Hofmann
et al., 2008). Trong phuong phap GNSS-RTK, cac
phuong phap c6 thé duoc chia thanh nhiéu phuong
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thirc khac nhau nhu phuong phép tram tham chiéu
don, phuong phap mang ludi RTK véi nhiéu kiéu
khac nhau (El-Mowafy, 2012). Tuy nhién do dac thu
cta linh vyuc quan tric, sb luong tram co s thudng
1a rat it va do d6, phuong phap hoat dong phd bién
nhét 13 tram base don hodc do tinh xu ly sau. Voi
muc tiéu quan tric dai han dé xem xét lwong dich
chuyén cia cong trinh dong thoi nam bt kip thoi
dao dong cua két cau, ca hai phuong phap déu can
phai duoc thuc hién dong thoi trong qué trinh quan
trac. Trong bai bao, hai phuwong phap nay trong quan
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trac cong trinh cau day vang da dugc nghién ctru va
so sanh d¢ co6 lya chon phuong phap xur Iy phu hop
voi ting muyc tiéu quan trac.

2. PHUONG PHAP NGHIEN CUU

2.1. Dir liéu nghién ciru

Trong nghién ctru, dir liéu duoc su dung theo
GNSS-RTK va dir liéu thu tinh dong thoi cua mot
may thu quan trac lap dat trén ban mat cau day vang
nhu minh hoa trong Hinh 1.

Hinh 1. Vi tri Iip dit may thu quan tric

May thu quan tric (GPS-2) l4p dit trén ban mat
cau duge van hanh theo phuong phap GNSS-RTK
tram base don, khoang cach t4i tram co s¢ trén bo
khoang 890 m. Song song vdi qua trinh thu thap dit
lidu toa do, do cao theo thoi gian thyc, may thu quan
trdc va tram co s trén bd dong thoi thu va luu gitr
s0 liéu do tinh ty dong voi thoi gian mot gio dong
h6 cho mdi ca do.

2.2. Phuwong phap xir Iy s6 li¢u

Dit liéu do tinh dugc thu thap va xt ly trong thoi
gian 9 ngay lién tuc tir ngay 21/07/2022 dén ngay
29/07/2022 véi d dai ca do 1a mot gio dong ho,
twong ung voi 24 ca do/1 ngay. Dir li¢u do dong thoi
gian thyc dugc thu véi tin sudt mot gidy trong ngay
21/07/2022. Tong sb lwong tri do va phuong phap
xtr 1y duoc thong ké trong Bang 1.
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Bing 1. S6 lwgng tri do va phwong phap xir Iy

Phuong S6 lwgng

phap tri do PP xirly
Po tinh 216 Trimble Business
Center
Do dong 86400 Thoi gian thuc

Dir liéu do tinh duogc binh sai béng phﬁn mém
Trimble Business Center, dit liéu do dong dugc thu
thap theo thoi gian thyc. Ca hai loai dit liéu dugc lvu
trir trén may chu lau dai dé phuc vu cong tac phan
tich hau ky. Két qua dao dong tir hai phuong phap
dugc so sanh va danh gia. Viée xét riéng vé phuong
phap GNSS-RTK, day la ky thuat dinh vi GNSS
tuong ddi dya trén tri do pha song tai véi muc tiéu
dat dugc do chinh xdc ¢& cm trong thoi gian thuc
(Heo et al., 2009). Ky thuat nay dugc gidi thiéu lan
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dau vao nhitng nam 90 va da dugc str dung rat rong
rdi cho cac ung dung c6 yéu cau do chinh xéc cao.

Céc hop phan ctia hé théng GNSS-RTK bao gom
mot tram tham chiéu, mot tram di dong va duong
truyén dir liéu giita hai tram. Cac hop phan ciia hé
thong dugc mo ta trong Hinh 2 (Zhang et al., 2020).

Tin hiu
vé tinh

Dit fiéu do tir tram co so
y ; M
Thiét bi Thiét bi
giao tiep giao tiep

Tram co so

- Tram dong

A

thu nhén toa do
thrc cia tram dong

Chira toa d6 cua
tram co sO

Hinh 2. Céc hop phén ciia phwong phap RTK

Phuong phap GNSS-RTK phit trién tir phwong
phap RTK tram base don dén phuong phap NRTK
(Net RTK) nhdm khic phuc cic anh huéng cua
khoang cach tir tram base téi tram thu di dong. Theo
cong bd cuia Cina et al. (2015), khoang cach giita cac
tram tham chiéu c6 thé 1én t6i 70 - 80 km, con theo
El-Mowafy (2012), khoang céach co thé 1én t6i 100
km va cac k¥ thuat dinh vi cling rt da dang.

Phuong phap GNSS-RTK st dung tram base
don yéu cau it nhat hai may thu. Trong d6, mot may
thu duoc thiét 1ap tai mot diém da blet toa do, may
thu con lai dugc thlet lap tai diém can quan trac
Giita hai may thu can duy tri két ndi dé truyén sb
hiéu chinh bang phwong thitc radio hay 4G. Khoang

10

8

172 6.0

60 43

(=R S
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cach gia theo pha & mét tram A, tai thoi diém to duoc
md ta trong cong thirc 1 (Hofmann et al., 2008).

D5 (te) = 05 (to) + Ao (to) + AoS(t) +
Ao, (tg) + ASNF 1

05 (to) 1a khoang cach hinh hoc, Ap5(t,) 1a do
léch phu thudc vé tinh - mdy thu, AgS(¢,) 1a d6 1éch
chi phu thudc vé tinh, Ag,(t,) 1a d6 1&ch chi phu
thuéc may thu, N 1a sy khong chic chin vé pha.
Két qua cho khoang céch theo pha hiéu chinh duogc
md ta trong cong thirc 2.

A dg(O)corr = 0§ (t) + Agap(t) + A°Nj5(2)

Vi tri cia diém B duoc dinh vi véi khoang cach
theo pha hiu chinh.

Két qua dau ra cua ca hai phuong phéap 1a cac gia
tri toa d9, d6 cao. Cac gia tri dau ra dugc st dung dé
tinh toan dao dong theo cong thirc 3.

Axi=X; — Xo
Ayi=Y,— Y 3)
Dzi=2Zi— Z,

Trong d6: Ay;, Ay;, Az 1a cac gia tri dao dong
theo cac phuong tuong Ung; Xi, Yi, Zi la cac gia tri
toa do tuong ung tai thoi diém i; X, Yo, Z la cac gia
tri toa do tuong tng tai thoi diém ban dau.

3. KET QUA VA THAO LUAN
3.1. Két qua xir ly dir li¢u do tinh

Két qua dao dong theo ba phuong bao gém
phuong ngang ngang cau, phuong ngang doc cau va
phuong dung theo phuong phap do tinh xir 1y sau
duoc minh hoa trong cac Hinh 3, Hinh 4 va Hinh 5.

6.7 6.9 6.8 i

Dao dong (mm)

6/
A

Hinh 3. Dao djng theo phwong ngang ngang ciu

21



Tap chi Khoa hoc Dai hoc Can Tho

20

15
10,4

10

Dao dong (mm)

14,9

Tdp 61, S6 64 (2025): 18-28

18,6

12,3

10,9

11,4

Hinh 4. Dao dong theo phwong ngang doc ciu

Bién d¢ dao dong theo phuong ngang ngang chu
dugc xdc dinh tr phwong phap do tinh, v6i thoi gian
ca do mot gio dong ho co gia tri nho va kha df)l’,lg
deu khi so sanh cac ngay vdi nhau tir 8,4 mm dén
12,0 mm.
60
50
40
30
20

10

Dao dong (mm)

/\/

36,3

‘)/
A

Dao dong theo phuong ngang doc cau c6 gia tri
16n hon so véi phuong ngang ngang cau. Bién do
theo cac ngay thay déi tir 11,1 mm dén 22,3 mm.
Trong tAt ca cac ngay, muc d¢ dao dong, bién dj cta
phuong ngang doc cau déu 16n hon phuong ngang
ngang cau.

51,8
[

293

23,9
'6,9 '536
v )\
Vv v
o A o q:»Q
a2 A A A

Hinh 5. Dao dong theo phwong ding ciu

Dao dong theo phwong dimg cua cau co gi tri
bién d6 16n hon nhiéu so vdi cac bién d6 dao dong
trong phuong ngang, tir 13,6 mm dén 74,7 mm. Vé
mit két ciu va mé phong dao dong, cac gia tri dao
dong nam bat duoc tir phuwong phép do tinh theo cac
phuong 1a phu hop. Tuy nhién, cac ngay c6 murc 46
dao dong 16n nhat, nho nhit 1a khong dong nhat ma

22

nam trong cac ngay khac nhau. Viéc so sanh bién do
dao dong 16n nhat theo phuong ngang cho thay gia
tri nay 1a rat nho (3,9 mm).

3.2. Két qua xir Iy dir liéu do dong

Két qua dao dong sir dung phuong phép do dong
thoi gian thyc theo ba phuong dugc minh hoa trong
cac Hinh 6, Hinh 7 va Hinh 8. Cac két qua tinh toan
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theo hé théng duoc hién thi thoi gian thuc. Két qpé
quan sat dao dong theo phuong ngang ngang cau
trong ngay 21/07/2022 & tan suat mot gidy cho thay
300
200

100

-100

Dao dong (mm)

-200

-300

-400

01h-02h

02h-03h
03h-04h

00h-01h
00h-01h
02h-03h
04h-05h
04h-05h
05h-06h
06h-07h
06h-07h
07h-08h
08h-09h
08h-09h
09h-10h

10h-11h

10h-11h
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bién d6 dao dong Ién t&i 570 mm 16n hon gip 57 lan
so voi phuong phap do tinh 1a 10,2 mm. Dao ddng
phuong ngang doc cau dugc minh hoa trong Hinh 7.

221,9

-348,1

11h-12h
12h-13h
13h-14h
13h-14h
14h-15h
15h-16h
15h-16h
16h-17h
17h-18h
17h-18h
18h-1%h
19h-20h
19h-20h
20h-21h
21h-22h
21h-22h
23h-24h
23h-24h

Hinh 6. Dao djng theo phwong ngang ngang cau (GNSS-RTK)

500

400

300

200

Dao dong (mm)

100

-100

-200

01h-02h
02h-03h
02h-03h
03h-04h
04h-05h
04h-05h
08h-09h
08h-0%h

00h-01h
00h-01h
05h-06h
06h-07h
06h-07h
07h-08h
09h-10h
10h-11h

10h-11h

419,9

-135,7

11h-12h
12h-13h
13h-14h

14h-15h
15h-16h

12h-13h
14h-15h
16h-17h
16h-17h
17h-18h
18h-19h
18h-1%h
19h-20h
20h-21h
20h-21h
21h-22h
23h-24h
23h-24h
23h-24h

Hinh 7. Dao djng theo phwong ngang doc ciu (GNSS-RTK)

Dao dong theo phuong ngang doc cau ciing c6
gia tri 1om, bién dd dao dong 1én tdi 555,5 mm, tuong
duong voi dao dong theo phuong ngang ngang cau
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va lon hon khoang 15 14an so vé6i bién dd 37,1 mm
trong ciing ngay tir phuong phap do tinh. Tiép theo,
dao dong theo phuong dung dugc minh hoa trong
Hinh 8.
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1400
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400
200

Dich chuyén (mm)

0
-200
-400
-600

U’Q
-

Bién d¢ dao dong theo phuong dung ghi nhan
duoc tr phuong phap GNSS-RTK tur t&p dir li€u
GGA (Trimble, 2003) dau ra c6 bién do rat 16n, 1én
téi 1724,8 mm. Gia tri nay ching t6 trong ban ghi
dir lidu c6 thé bao gdm cac gia tri ngoai 101 giai fix
dan dén két qua c6 ton tai cac gia tri ngoai lai va can
duoc loai bdé (Vu et al., 2023; Vu & Le, 2022; Le et
al., 2021).

2219 345691,000 11,4281
2219 345692,000 11,4281
2219 345693,000 11,4280
2219 345694,000 11,4280
2219 345695,000 11,428@
2219 345696,000 11,4280
2219 345697,000 11,4288
2219 345698,000 11,4279
2219 345699,000 11,5646
2219 345700,000 11,5631
2219 3457@1,000 11,5615
2219 345702,000 11,5606
2219 345703,000 11,5574

Hinh 9. M{t doan

Trong t€p dir li€u dau ra GGA cua thiét bi dinh
vi MR2, Topcon c6 tdn tai hai giatriQ=1vaQ=
2, tong s6 10i giai co gia tri Q =2 1én t&i 20 943 gia
tri, chiém 24,24% trén tong s6 86400 gia tri ghi nhan

heo phwong ding ¢
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1247,7

Au (GNSS-RTK)

Két qua duge xem xét trong tép dir liéu dau ra
GGA (hinh 9) va tim cac 10i giai c6 thé xuét hién
trong truong dir liéu thir 6 co ky hiéu Q. Theo dinh
nghia cua Trimble (2003), truong dir li€u tha 6 1a
cac dang 10i giai bao gdm 10i giai fix (Q = 1), 10i
giai float (Q = 2) va céac 161 giai khac. Trong bai toan
dinh vi dong thoi gian thyc d chinh xdc cao, 101 giai
fix duogc st dung 1a chi yéu, dic blet trong quan tric.

889,6049 18,6980 1 9
889,6049 18,6980 1 9
889, 6049 18,6978 1 9
889,6049 18,6977 1 9
889,6049 18,6978 1 9
889,6049 18,6977 1 9
889,6049 18,6976 1 9
889,6049 18,6976 1 9
889,7041 18,2881 2 9
889,7041 18,2989 2 9
889,7036 18,2988 2 9
889,7028 18,2977 2 9
889,7032 18,2988 2 9

dir litu GGA

duogc tur tép dir liéu ban déau. Viéc loai bo 20 943 gia
tri c6 Q = 2 bién d6 dao dong theo ba phuong da
duoc tién hanh véi 161 giai fixed dugc minh hoa
trong Hinh 10.
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Hinh 10. Dao dong theo ba phuwong sau lgc ciia phwong phap do dong thai gian thuyc

Bién d6 dao dong theo ca ba phuong giam di
nhiéu 1an sau khi loai bo cac gia tri 1oi giai float (Q
= 2). Céc gia tri bién do theo ba phuwong lan lugt 1a
29,5 mm, 33,3 mm va 81,2 mm. Két qua so sanh voi
24 két qua do tinh trong cing ngay 21/07/2022 bién
d6 dao dong lan luot 13 10,2 mm, 14,1 mm va 74,7
mm, cac gia tri dao dong tir hai phuong phap theo
ba phwong cua cong trinh cau la thong nhat khi
phuong ngang ngang ciu c6 gia tri nho nhat, phuong
ngang doc cau c6 d6 16n thu hai va phuong ding c6
gia tri 16n nhat. Mic du cac gia tri do léch vé bién
d6 dao dong da dugc giam dang ké nhung van con
mot khoang cach nhét dinh. Su sai khac nay co thé

duogc giai thich theo hai khia canh. M6t la: phuong
phap do tinh trong thoi gian dai (1 gio), cac két qua
xtt 1y sau dugc tinh toan trung binh tir mot s lwong
16n tri do véi tan sudt ghi tin hiéu nhét dinh trong
khi phuong phap do dong cho ra két qua thoi gian
thuc, tAn suét cap nhat dir liéu nhanh hon, ¢6 thé nim
bét cac dao dong chi tiét hon. Ngoai ra theo 1y
thuyét, phuong phap do tinh ludn c6 thong sé vé& do
chinh xac cao hon.

Sai s theo hai phwong X, Y ctia tap hop cac tri
do dong thoi gian thuc dat 101 giai fix dugc minh hoa
trong Hinh 11.

—X —Y

0,010
0,009
0,008
0,007
0,006
0,005
0,004
0,003
0,002
0,001

Sai 86 (mm)

e

 —

e

- =

A !

0,000

Hinh 11. Cac gia tri sai s6 hai phwong ngang va doc ciu

Céc gia tri sai s6 mit bang theo hai phuong cua
phuong phap do dong thoi gian thyc déu rat nho

25

(nhoé hon 10 mm), cac gia tri nay dugc so sanh voi
tham sO cua thiét bi va khoang cach tir tram base
(nhoé hon 1 km) trén bo to1 diém quan trac la phu
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hop. Céc gié tri sai s trong phuong ding duoc minh
hoa trong Hinh 12.

Vi phuong ding, cac gia tri sai sO cta cac tri do
c6 101 gidi fix 16n hon so voéi sai sO theo phuong
ngang va phan anh dung kha nang cua giai phap

0,035
0,030
0,025

0,020

Sai s6 (m)

0,015

0,010

0,005

0,000
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GNSS-RTK trong xac dinh cac yéu té do cao. Bai
toan thong ké mé ta dwoc s dung dé xem xét mot
s6 dic trung cua diy dir liéu dao dong theo ba
phuong, két qua théng ké dwgc trinh bay trong
Béang 2.

|

Hinh 12. Cic gia tri sai s6 phwong ding ciu

Bang 2. Mt s6 chi tiéu théng ké mé ta

Théng so X Y H
Mean (mm) 3,87 -3,14 -18,23
Standard Error (mm) 0,02 0,02 0,05
Median (mm) 3,70 -3,70 -18,40
Mode (mm) 3,70 -5,50 -19,20
Standard Deviation (mm) 4,02 5,21 12,71
Sample Variance (mm?) 16,12 27,12 161,48
Kurtosis 0,12 -0,08 0,79
Skewness 0,04 0,26 -0,07
Range (mm) 29,50 33,30 81,20
Minimum (mm) -13,40 -17,70 -59,80
Maximum (mm) 16,10 15,60 21,40

Két qua quan sat cac tham s6 thong ké mé ta theo
ba phuong cho thiy cac gia tri trung binh (mean) va
gié tri trung vi twong g c6 gi4 tri rit gin nhau. Gia
tri xuat hién nhiéu nhit (mode) trong ca ba thanh
phan ciing c6 gia tri tuong duong. Céc gia tri do
léch chuan ciing ting dan twong duong voi mic do
dao dong tang dan theo ba phuong. Két qua quan sat

—— Gia tri ban dau

biéu dd dao dong cua phuong dimg trong Hinh 10
c6 thé thdy cac gia tri ddu ra khong thé hién dugc
quy luédt hay xu hudéng nao cua cong trinh theo
phuong ding. Bai toan trung binh trugt véi kich
thudc ctra s6 3600 (fong dwong véi sé lwong tri do
trong mét gio- dong ho) duge s dung dé xem xét
dao dong theo phuong dung.

—=—Gia tri trung binh trugt

Hinh 13. Phwong phap trung binh trugt

26
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Bai toan trung binh truot véi kich thude cira sb
3600 di dugc sir dung dé c6 thé hién thi dang dao
dong 10 rang hon. Bién d§ dao dong ciing giam di
dang ké khi sir dung bai toan trung binh trugt véi
kich thude cira s6 M = 3600, con khoang 40 mm.

4. KET LUAN

Trong nghién ctru, viéc so sanh, danh gia hai
phuong phép do tinh xir 1y sau va do dong thoi gian
thuc trong quan tric cong trinh cau v6i cong nghé
dinh vi vé tinh d3 duoc thuc hién. Dya trén két qua
nghién ctru, mét s6 két luan sau duoc dua ra:

Két qua tir hai phuong phap do tinh va do dong
thoi gian thuc véi 10i giai fix & khoang cach gan la
twong duong vé bién do dao dong, c6 do chinh xac
twong duong nhau.

Phuong phap do tinh dugc ap dung véi thoi gian
thu dir li€u dai va xr Iy sau ¢6 d6 chinh xac cao hon
nhung khong thé ghi nhan hét cac mic dao dong so
v6i phuong phap do dong thoi gian thyc ¢ tin suat
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