THI CONG XAY LAP - KIEM DINH CHAT LUONG

GIAI PHAP HQP LY KHI QUAN TRAC CHUYEN DICH NGANG
CAC CAU DUONG B0 CO CHIAU DAI NGAN BAC QUA SONG
BANG PHUONG PHAP TRAC BIA

KS. TRAN NGOC DONG
Vién KHCN Xay dung

1. Pat van dé

Trong ¢ong tac quan tric chuyén dich cong trinh &
nuac ta hien nay, viec dé xudt cac phuong phap va
quy trinh quan trac thich hgp cho céc cong trinh [a mot
van dé dang dudec quan tam va la mét viéc Jam rat can
thigt. Vi vay, trong bai bao ndy chung toi kién nghi giai
phap hop Iy cho cong tac quan tric chuyén dich ngang
cac ciu dudng bd co chiéu dai ngan bic qua song
bdng phuong phép trac dia nhim giai quyét mot s6
van dé trong quan trdc chuyén dich ngang cla céu
cing nhu quan trac chuyén dich ngang cong trinh nof
chung thudng  gdp nhu: thiét k€ hé théng Iuéi quan
trac, sir dung thiét bi gi d€ do (toan dac dien t, GPS
hay k&t hop ca GPS va toan dac dién td), quy trinh xdr
ly s ligu nhu thé nao dé két qua quan tric chuyén
dich ngang phan &nh mot cach chinh xac nhat gia tri
chuyén dich ca cong trinh.
2. Nguyén tac quan trac chuyén dich ngang bing

phudng phap trac dia
2. 1. Nguyén tdc chung
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Hinh 1. So dé chuyén dich cia mét diém
trong hé toa dé phang

Chuyén dich clia mét diém trong hé toa d6 phing
dugc coi 1a sy thay ddi vi tri cla didm dé trong mat
phang nim ngang, vi vay ta c6 thé viét céng thirc dinh
lugng xac dinh chuyén dich cla d6i tuong bat ky nhu
sau [1]:

- Chuyén dich theo huéng truc X:

Qx = X(j) - X(i) (1)
- Chuyén dich theo huéng truc XY:
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Qy = Y(j) - Y{i) (2)
- Gia tri vecto chuyén dich toan phan:
Q=,0; +0; (3)
- Huéng chuyén dich clia diém quan tric:
o= arctgg){ 4)
Ox

TU cac cong thire (1), (2) va (3) suy ra: chuyén
dich cGia mot diém co thé tinh dudc bing cach do toa
d6 cia cac diém dé & nhing thai diém khac nhau
trong mot hé toa dd th8ng nhat, nhy vay viéc do
chuyén dich ngang thuyc chét 1a 1ap luéi dé do toa do
cac diém quan trdc gan trén cong trinh theo thai gian
{theo chu ky do).

22 Nguyen tic thiét ké Il quan tric chuyen dich
ngang céng trinh

Sy thay déi vi tef cang trinh dugc xac dinh dura trén
hai loai diém mdc: di€ém mdc khéng ché va diém méc
quan tric.

- Diém méc khdng ché dugc dit tai cac vi tri ¢6
dinh bén ngoai pham vi anh hudng chuyén dich cla
cdng trinh, cac diém méc nay c6 tac dung xac dinh toa
dd géc cho toan b cong tac quan trac. Yéu cau déi
v6i didm mdc khéng ché 1a phai co vi tri 8n dinh trong
su6t qua trinh quan tric.

- Diém méc quan trac 1a cac mbec gén trén cong
trinh, cung chuyén dich v6i cong trinh. Trong méi chu
ky quan tric cén thuc hién cac phép do dé xac dinh vi
tri tuong d6i gitra cac diém madc khdng ché nham kiém
tra va danh gia tinh én dinh clla cac méc do, nhu vay
s& tao thanh mét mang ludi dude goi la ludi khdng ché.
Cac phép do ngi gitra he thong mdc quan tric véi cac
mdc khdng ché tao ra bac Iuéi thar 2, duge goi la bac
lugi quan tréc.

Trong mét s6 trudng hop, 6 thé bd qua viéc thanh
lap bac ludi khong ché néu xay dung duge cac méc
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khdng ché chic chdn 8n dinh (Vi du: méc duge chon
trén nén da gdc va co cau tric theo phuong phap day
doi nguac), nhung do gia thanh xay dung cac méc néu
trén la rat cao, viéc thi cong, bao quan va sir dung
cting phirc tap nén cac loai méc do chua duge sir
dung trong thue t& d Viét Nam.

Gidi phap hop ly va cb hiéu qua kinh té Ia thanh lap
mang ludi co s vdi cac mdc chdn nong. Trong mdi
chu ky, ti€n hanh do va chon bién phép xir Iy s6 ligu
thich hop dé danh gia mirc d6 chuyén dich cla cac
méc trong Iudi, tir d6 lra chon cac méce 6n dinh lam co
sé toa d6 gdic cho toan bo cong tac quan tric. Bac ludi
quan trac duge xay dung nhu ludi phuy thuge, trén co
sd s8 lieu do dac tién hanh binh sai, tinh toan toa do
cac mdc quan tric va cac tham s6 chuyén dich bign
dang céng trinh. .

3. Phuong phap quan trac chuyén dich ngang cia
cau dudng bd

3.1. Nhiing yéu t6 co ban cda cdu

Khi xay dung cac tuyén dudng giao thong trén mat
dat, thudng phai xay dung cac cong trinh dé vugt qua
cac chuéng ngai nhu khe nui, song, ho... Vuot qua
nhirrig chudng ngai d6 thudng 1a nhitg cong trinh xay
dung rat phirc tap, bao gém: cau, cac doan cdu dan
b&ng d4t ddp, cac céng trinh dung dé diéu chinh ché
d6 dong chdy & vi tri cau vugt. Cau la hé théng co ban
thuong dung dé vugt cac chudng ngai ké trén, né bao
gbm 2 mé, cac tru va nhip. M6 1a bo phan lién két cau
vi cac doan cau dan. Cac fru dat sau dudi long sbng
la chd tua cho cac gian nhip trén dé. Ngoai tinh phirc
tap vé méat xay dung, khi dua vao st dung, cau con
chiu ap lyc ngang clia dong chay va lién tuc chiu tai
trong clia phuong tién giao thong qua lai. Tai trong nay
la nguyén nhan lam cho cu bj dao dong va bi chuyén

- dich ngang.

Hinh 2. Céu dudng b bic qua séng

3.2 Lua chon phuong dn thiét ké hé thong Iudi

quan tric

D& tién hanh quan tric chuyén dich ngang clia cdu
dudng bo bac qua song, ching ta cb thé ap dung cac
phuong phap xay dung ludi nhu sau:
3.2.1. Phuang phéap truyén thong

Khi xay dung ludi theo céng nghé truyén théng thi
cd thé xay dung 1udi tam giac do goc, ludi tam giac do
canh hoac ludi do géc - canh [2].

- Luéi tam giac do goc cé nhude diém ta do chinh -

xac clia mang ludi phu thudc vao két cau dé hinh Iudi.

- Lud@i tam giac do canh, trong mdi tam giac khong
c6 dai lugng do thira nén khong co diéu kién kiém tra
két qua do ngay trén thuc dia. Ludi tam giac do canh
c6 do chinh x&ac xac dinh hudng kém nén gay ra dich
vi ngang Ion d6i vai cac diém, anh hudng khong t6t
dén do chinh xac cla ludi.
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- Ludi do gbc - canh két hop duge xem Ia tét nhét.
Loai ludi nay ¢ do chinh xac cao, d6 hinh Ui co thé

. vugt ra ngoai nhitng quy dinh thong thuéng ma van

dam béo d6 chinh xac.

Hién nay, nhd nhing tién bd vugt bac trong cong
nghé do dai dién tlr cung vdi vu diém cda luéi do goc -
canh nén hé théng ludi quan trac thuong dugc xay
dung dudi hinh thic ludi do goc -- canh két hop.

Ludi dugc thiét ké theo phuong phép truyén théng
doi hdi tinh théng hudng clia cac diém de, do vay day
la nhuoc diém cla phuong phap truyén théng.

3.2.2. Phurang phap st dung thiét by dinh vi toan céu

GPS (Global Positioning System)

Sir dung c6ng nghé GPS dé tién hanh quan tric
c6 uu diém hon so vdi cong nghé truyén thng do la
khong can phai théng hudng gitra cac diém do va cho
phép xay dung cac diém khéng ché& nim ngoai pham
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vi chuyén dich cla cong trinh (c6 thé ndm cach xa
cong trinh mot vai km} hon nira trong trudng hgp nay
ludi chi can xay dung mot c8p (do dac chung tat ca
diém khéng ché va diém quan tric thanh mang Iuéi
théng nhat). Nhuge diém cla phuong phap nay |a phai
dam bao goc ngudng clia diém quan sat (goc ngudng
cba diém quan sat > 15% [3].

3.2.3. Phuong phap sir dung két hop gilta GPS va
toan dac dién tir (TPDT)

Phuong phap nay c6 thé dugc coi la t6i vu hon ca
béi vi GPS khéc phuc duoe su doi hdi théng huéng
gitta cac diém do va thuan lgi cho viéc xay dung méc
khéng ché & nhimg vi tri n dinh, con toan dac dién tlr
lai thuan igi do dac nhimg diém quan trac khi ma GPS
khéng do duge. -

Hinh 3. Méy GPS Trimble R3

Hinh 4. May TDDT TCA2003

Qua trinh thiét ké Iudi va do dac ludi GPS can tuan
thi: theo TCXDVN 364 : 2006: “Tiéu chuan k¥ thuat do
va xUr ly s6 ligu GPS trong trac dia cong trinh”,

Quan tric chuyén dich ngang céng trinh béng
cong nghé GPS van la méi mé va bat dau dugc ap
dung vao thuc t& & mot s6 nai. '

3.3. Lua chon thiét bi quan tric

Quan trac chuyén dich ngang cla cau doi hdi do
chinh xac rat cao vi vay chung ta nén sir dung cac
thiét bi may c6 dd chinh xac cao nhut may TEBT
TCA2003, may GPS Trimble R3 {hodc cac may ¢b do
chinh x&c tuong duong), guong chum hodc guong don
két hgp voi badng ngdm hodic tiéu ngdm va nén sif
dung mdc khang ché, méc quan trdc co dang dinh tam
bat budc néu co thé dugc la t6t nhat dé ioai trir sai s6
dinh tam may va dinh tdm guong.

Hinh 5. Guong don va mée dinh tém bét budc

Bang 1. Mt s6 tinh ndng chi yéu clia méay GPS Trimble R3 va may toan dac dién t&r TCA2003

Do chinh x&c clia may GPS Trimble R3

B chinh xac cia may TEODT TCA 2003

- Do tinh va do finh nhanh
Mat bang:  +{5mm + 0.5ppm) RMS
b6 cao: +(5mm + 1.0ppm} RMS
- Doddng
Mat bang:  +(10mm + 1.0ppm) RMS
bé cao: +(20mm + 1.0ppm) RMS

- Do gbc vdi db chinh xac
m, = + 1.0"
- Do canh véi A6 chinh xac

mg = T(lmm+1pmm.D)

3.4. Xz ly 56 liéu quan trac chuyén dich ngang
3.4.1. Xtr ly s6 liéu mang ludi khong ché khi do dac
bdng may TOOT

Dé x{r Iy s6 liéu mang ludi khéng ché, ching ta sir
dung thuat toan binh sai ludi tr do. Phuang phép binh
sai ludi ty do c6 2 dac diém co ban [1}, [4]:

- Ludn bdo tén cAu tric ndi tai cia mang Iudi, cho
phép loai trir sai s3 s6 liéu g&c d6i vai két qua binh sai.

- Kha néng dinh vi lugi da dang va linh hoat.

. Véi nhiing d3c diém néu trén, phuong phap binh
sai ludi tu do 13 gidi phap thich hap cho cong tac xir ly
s@ lidu ludi khéng ché. Phuong phap binh sai tu do
dap (ng dugc yéu ciu dic diém clha mang luéi khéng
ché trong quan tric chuyén dich ngang cong trinh.
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- Lugi khéng bi bién dang do anh hudng clia sai s6
s6 ligu géc. :

- Lui duge dinh vi véi cac tieu chudn pha hop.
Viéc ap dung phuong phéap binh sai iudi tu do trong x{r
ly s6 liéu cla cong tac quan trac bién dang céng trinh
da cho phép giai quyét hai nhiém vu:

- Kiém tra danh gia do én dinh cla hé thdng diém
ludi co sé;

- Tinh to&n binh sai xac dinh toa do diém trong Iudi.

Ly thuyét binh sai luéi ty do da dugc gidi thiéu
trong [1], [4].

3.4.2. Xtr ly s6 liéu mang ludi quan tréc

Qua trinh x{r ly 6 liéu mang ludi quan tric dugc

thyc hién bang phuang phap binh sai gian tiép thong
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thudng sau khi da co toa do cac diém khéng ché co

s@.

3.4.3. Xir ly s6 liéu hé théng mang ludi quan trac khi
st dung céng nghé GPS

Két qua do GPS co thé x{ ly bang phan mém
GPSurvey 2.35, Trimble Geomatic Office hoac cac
phan mém khac co cung tinh nang.

Do GPS sir dung hé thdng toa do toan cau WGS -
84 (hé toa do Quoc té), trong khi do hé toa do quan
trdc chuyén dich céng trinh thuong sl dung la hé toa
dé dia phuong (hé toa d& khu vurc). Vi vay, khi tinh
chuyén trr hé toa do trac dia Qudc t€ cla Iudi GPS
sang hé toa do khu vuc thi ¢an chon kinh tuyén truc
hgp ly d&€ do bién dang chiéu dai khéong vugt quéa
1:200000 (1km bién dang chiéu dai cho phép tinh
chuyén 1a £5 mm).

- Khi str dung hé toa dé Qudc gia HN72 (phép
chiéu Gauss sir dung Ellipxoid Krasovxky, ti |& chiéu
m, = 1) thi slr dung kinh tuyén truc di qua tam khu vuc
xay dung cong trinh sao cho y,, = 500km 1a t6t nhat.

- Khi sit dung hé toa do Quéc gia VN 2000 (phép
chiéu UTM sir dung Ellipxoid WGS — 84).

+ B6i véi mui 3° (phép chiéu UTM, ti 1é chiéu m, =
0.9999) thi s dung kinh tuyén truc sao cho y, =
(500km + 90km) va kiém tra do bién dang theo céng
thire:

m=0.9999 + 2 (5)
2R

+ D3i vai mui 6° (phép chi€u UTM, ti 1& chiéu bang
0.9996) thi sir dung kinh tuyén truc sao cho y, =

(500km + 180km) va kiém tra do bién dang theo céng
thirc sau;
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m = 0.9996 + 2 (6)
2R

2

Trong cong thire (5) va (6) ¥ la tri trung binh cla
cac (y-500km), R: ban kinh Trai dat. Sau khi kiém tra
néu m=1 |4 t6t nhat.

Mot van dé clng can luu y 1a do chinh xac cla
mot canh (baseline) sau xtr ly phu thudc vao toa do
khai lugc cha hai diém dau, toa d6 khai luge cang gan
v he WGS - 84 Qudc té cho dé chinh xac x{r Iy cang
cao [5]. Noi cach khac véc to gia s8 toa do gia hai
diém dau cla baseline [AX AY AZ]" la ham s6 kha
nhay cam clia véc to toa do gan dung cla mot diém
dau [X Y, Z]". Vi vay can dac biét luu y tai viéc xac
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dinh toa do gan ddng it nhat mot diém gdc cha toan
ludi trong hé toa do WGS - 84 Qudc té. Theo hang
san xuét Trimble thi khi sai l&ch gi4 tri toa d6 gan dung
khoang 10m thi gia tri gia sd toa do cla baseline sé
sai khoang mot vai phan triéu.
3.4.4. Xir ly 36 liéu khi két hgp GPS va TBDT

XU ly s6 liéu GPS theo phan 5.3.3 sau d6 18y toa
d6 cla cac diém GPS lam toa do khéi tinh cho mang
IUdi quan trac va tién hanh binh sai mang ludi quan tréc.
4. Thuc nghiém

D& kiém chimg két qua ly thuyét, tac gia da tién
hanh thiét k& ludi, do dac ludi theo cac phuong an, xir
ly s6 ligu do dac doi véi cdu X. & Tp. HS Chi Minh. Cau
co dang hinh 2 v6i yéu chu sai s6 xac dinh do dich
chuyén clia mé cdu my = 5 mm, Chung ta xac dinh
dugc sai 8 trung phuang vi tri diém y&u nhat téng hop
|&:

S0 10 3 Sm M)
NCEEEN
4.1. Thiét ké luoi theo phuong phdp truyén théng
{1107 do goc - canh két hop)
- Sai $6 vi trf diém t8ng hop gdm hai ngudn sai s6
gay nén, dd la sai s6 do anh hudng cla ludi khdng ché
co s& (m,.) va sai 6 cla ludi quan trdc (mg). Do do ta co:

m, =./m;. +mf;r ' (8)

- Néu gid thiét gilra cac bac Iudi co cung hé s6
tang giam do chinh xac k, khi do ta cé:

Mg = K.My, (9)

Tir cong thirc (10) va (11) chon k=2, khi 6 ching

Mmp

-~ talan lugt tinh duge m,=1.6mm va m,=3.1mm.

Pé quan tric chuyén dich ngang clia mé céu X
& hinh 2, viéc thiét k& lugi gdp nhiéu khé khan do
phai dam bao tinh thong hudng clia cac méc chudn
v@i nhau, cac méc chuan phai cd vi trf 8n dinh {tac
gi4 da xay dung 4 diém méc khdng ché co sd & vi tri
8n dinh 1a MC1, MC2, MC3, MC4). Do cac méc
chudn khong hoan toan thang huédng vai nhau nén
da s dung thém 2 diém quan tric QT1 va QT2 aé
cing voi cac diém khéng ché két néi thanh mang
ludi, cac diém cé cing chung hé toa do. So dd thiét
k& |uéi khdng ché co s& va Iudi quan tric duge thé
hién d hinh6va 7.

TUr so d8 ludi & hinh 8, ti€n hanh do dac Iudi bing
méay TCA2003 (sai s8 do gbc theo thiét ké 1a 17 va sai
s8 do canh la Tmm+1ppm.D) gdc duge do 6 vong do,
canh do 2 chiéu di va vé. Binh sai ludi theo 2 phuong
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phap: phuong phap binh sai ludi phu thudc va
phuong phap binh sai Iu6i ty do. Khi binh sai Iuéi
theo phuong phap binh sai lu¢i ty do toa do gan
dung cha cac diém duoc tinh tir toa do diém gbc. Vé

hé toa do quan trac, ¢o thé sir dung hé toa do dé co
& khu vuc hodc hé toa G6 gia dinh. DGi véi cau X &
hinh 2, ¢6 2 diém gdc & gan cau, toa do cha chung
dugc ghi d bang 2.

Bang 2. Toa dé cta cac diém géc

. Toa dé
Tén diém X (] Y )
MC2 1193254.266 499618.858
MC3 1193175.011 499365.180
Bang 3. Tr1 do gdc cia ludi khbng ché ca s@ MC2
S6 Tén goc Giatrigéc | S8 Tén géc Gia tri goc QT
TT | Trai Gira Phai o " "1 Trai Gilra Phai 0o ' "
1 | MC1MC2 QT2 4548 026 ] 8 QT2 MC4 QT 14 17 17.8
2 | MCZ QT2 MC3 | 199 13 00.0 | 9 | MC3 Qrz MC4 | 1154007 M&3  f
3 | QT2 MC3 QT1 16 34 479 | 10 | MC4 MC3 QT2 123 22 323
4 { MC4 QT1 MC1 | 220 01 253 | 11 MC2 QT2 MCH 98 30 41.5
5 1 QT1 MC1 MC2 48 46 198 | 12 | MC2 QT1 MC1 95 29 10.0
6 | MC3 QT1 lMC4 09 36 316 | 13 | MC1 QT2 MC3 100 42 136 MC1
7 | QT1 MC4 MC3 30 26 0591 14 | MC4 QT1 MC2 124 32 20.2 | Hinh 6: So dé udi khdng ché co s&
. Bang 4. Tri do canh cda ludi khGng ché co s& '
56 ‘Tén canh Giatr S Tén canh Gia tri
TT | .Trammay [ Tram gudng {m) TT Tram may | Tram gugng (m)
1 MC1 : MC2 210.4464 B QT MC4 164.2146
2 MC2 QT2 124.1354 7 MC4 QT3 172.5454
3 QT2 MC3 145.3581 8 MC4 MC3 42.6058
4 MC3 QT1 129.2816 9 Q11 MC2 159.0052
5 QT1 MCA 123.4999 10 QT2 MC1 152.5540
Bang 5a. Binh sai ldi GPS theo phuong phap binh sai | Bang 5b. Binh sai ludi GPS theo phuang phép binh saf luréy
luéi phu thudc (dong nhidu hon 1 diém g6c) twr do (ding mét diém géc)
Tan. Toa dd Str?idsig n:! Tén Toa 46 Sgiiésrg :;11 tri
.7 .2 =3
diém X (m) Y(m) mp (mm) diem X {m) Y(m) (mm)
MC1 1193052.4616 498559.1725 00022 | mc1 1193052.4610 499559.1729 0.0010
MC2 1193254 2660 499618.8580 0.0000 MC2 1193254 2672 495618.8614 0.0010
MC3 1193175.0110 499365.1800 0.0000 MC3 1193175.0110 499365.1800 0.0007
MC4 1193206.7315 499336.7354 0.0015 MC4 1193206.7313 499336.7334 0.0008
QT 1193156.8561 4994931897 0.0015 QT1 1193156.8555 499493.1901 0.0007
QT2 1193196.5197 499508.9753 0.0015 QT2 1193196.5199 499508.9755 0.0009

Tir két qua bang 5a va bang 5b & trén ching ta
thay phuang phap binh sai ludi phu thude co sai s0 vi tri
diém 16n hon phuong phap binh sai ludi ty do (do anh
hudng cla sai s0 s0 liéu goc) va do chinh xéac sai s6 vi
tri diém me > 1.6mm khong dam béo yéu cdu dd chinh
xac dé ra. Phuong phap binh sai ludi ty do ¢6 sai s vi
tri diém dat yéu cau dé ra m, < 1.6mm (loai trlr dugc sai
s6 liéu gdc) dam bao yéu cau dd chinh xac dé ra.

Ludi quan trac dugc thigt k& nhu & hinh 7 vai sai
s6 thiét ké do goc 1& 1.5" va sai s8 do canh la
1mm+1ppm.D, cac goéc trong ludi duge do 4 véng do,
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canh do 2 chiéu di va vé s6 liéu duge ghi & bang 6 va
béng 7.

Sau khi ¢o toa d6 cac diém khdng ché cd sd duoc
xac dinh bang phuong phap binh sai iudi tu do thi tién
hanh binh sai mang ludi quan trdc (1dy toa do diém
MC1, MC2, MC3 va MC4 lam s6 lieu khdi tinh cho
mang |udi quan tric). K&t qua tinh toa 46 va sai s6 vi
tri diém luéi quan trac duogc ghi & bang 8a.

Tir bang 8a, ching ta thdy sai s6 vi tri diém Ion
nhat 1a mp = 2.2mm < 3.1 mm. Do d6 thiét k& ludi va
lra chon thiét bi do dac nhu trén hoan toan dam bao
do chinh xac dinh chuyén dich vdi sai $6 my < 5 mm.
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Bang 6. Try do géc cua fudi quan tric

86 Tén gbc Gia tri goc S6 Tén gbc Gia trj goc
TT | Trai Gitta Phai o - ° TT | Trai Gilra Phai o -
1 QT1 MC1 QT4 40 03 30.3 [ 13 QT2 MC4 QT1 14 17 17.8
2 MC1 QT4 QT1 91 47 3911 14 MC3 QT2 MC4 11 54 00.7
K] QT1 Q74 QT3 102 18 011 | 15 MC4 MC3 QT2 123 22 32.3
4 MC2 QT2 QT3 36 42 378 | 16 QT1 MC4 MC3 30 26 05.9
5 QT3 QT2 QT1 102 42 493 | 17 MC4 QT1 MC1 220 01 25.3
6 Q12 QT1 QT4 77 51 2641 18 MC3 QT1 MC4 09 36 316
7 QT4 QT1 MC1 48 08 552 | 19 QT2 QT3 MC2 104 51 54.7
8 QT2 MC3 QT1 16 34 479 | 20 QT3IMC2 QT2 38 25 316
g MC2 QT2 MC3 199 13 000 21 MC2 QT2 MC1 98 30 415
10 | MC1MC2 QT2 45 48 026 | 22 MC1 QT2 MC3 100 42 136
11 QT1 MC1 MC2 48 46 198 | 23 MC4 QT1 MC2 124 32 20.2
12 QT4 QT3 QT2 77 07 547 | 24 MC2 QT1 MCA 95 29 100
. Bang 7. Tr1 do canh cta lu6i quan fric
S8 Tén canh Giatr %3 Tén canh Gia tri
T Tr.may T.guong " {m) TT Tr.may T.guang {m)
1 QT4 MC1 920322 18 QT6 MC1 113.3802
2 QT4 QT 79.5201 19 QT7 MC3 135.9114
3 QT4 QT3 43.5224 | 20 MC3 QT8 135.4515
4 QT3 MC2 767773 | 21 MC1 QT5 112.4681
5 QT3 MCH 134.6683 | 22 MC2 QT2 124.1354
6 - QT3 QT2 79.8154 | 23 MC3 QT2 145.3981
7 QT2 QT7 213398 | 24 MC3 QT1 129.29186
8 QT2 QT6 778044 | 25 QT1 MC4 164.2146
9 QT6 Q73 216659 | 26 QT MCA 123.4999
10 QT3 Q77 B7.0475 § 27 MC4 QT2 172.5454
11 QT3 QT5 226097 | 28 QT? MC4 167.0690
12 QT1 QT8 202575 | 29 QT8 MC4 166.8076
13 QT1 QTS5 86.2804 | 30 QT7 MC2 141.0309
14 QT8 QT5 796140 | 3 QT8 QT2 224301
15 QT8 QT4 778796 | 32 QT4 Q15 20.9120
16 QT7 QT6 79.5866 | 33 Q1 MC2 159.0052
17 QT2 QT? 213398 | 34 QT2 MCH1 152.5540
Bang 8a. Két qua toa d6 va sai s6 v tri diém sau binh Bang 8b. Két qua toa do va sai s6 vt tri diém sau binhsai
sai cta fudi quan trac do bdng mayTPBT clia fudi quan tréic do béng may GPS két hop méy TPDT
. Toa do Sai sd vi Toa do Sai 50 vj
Ten trigiém | g trf didm
diem X (m) Y(m) mp (mm) iem X {m) Y(m) mp (Mmm)
QT1 1193156.8563 499493.1904 0.0009 QT1 1193156.8447 499493.191% 0.0012
QT4 1193143.6522 499571.6074 0.0010 QT4 1193143.6337 4989571.6080 0.0014
QT3 1193184.0489 490587 .8125 0.0008 QT3 1193184.0286 499587.8166 | 0.0012
QT2 1193196.5199 499508.9757 0.0008 QT2 1193196.5069 498508.9808 0.0011
QT8 1193175.7000 499500.6281 0.0019 QT8 1193175.6879 458500.6307 0.0021
QT5 1193163.1236 499579.2426 0.0021 QT5 1193163.1044 499579.2444 0.0024
QT7 1193176.6957 499501.0781 0.0020 Q17 1193176.6838 499501.0809 0.0021
QT6 1193163.9782 499579.6503 0.0022 QT6 1193163.9588 499579.6521 0.0025

4.2. Thiét ké Iy theo phuong phap do GPS

Viéc thiét k& ludi GPS tuan thii theo TCXDVN 364 : 2006. Thiét bi do la may Trimble R3. Thdi gian do cla
mdi ca la 60'. So dé ludi & hinh 8, két qua binh sai bang phan mém Survey 2.35, hé toa do HN72, kinh tuyén truc
106° 43' 00", phép chiéu Gauss sit dung Ellipxoid Krasovxky, 1 1& chiéu m, = 1. Toa d6 va sai s6 vi tri diém sau
binh sai‘clia cac phuong an s lieu dugce trinh bay & bang 9a va 9b.
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Bang 9a. Toa d6 va sai s6 vi tri diém léi GPS theo Bang 9b. Toa do va sai s6 vi tri diém ludi GPS theo
phuong phap binh sai ludi phu thude phuong phdp binh sai luai tir do
(ding hai diém gbc MC2 va MC3) (dung mot diém gbc MC3)

Ten Toa dd Sgiiésr(: :fr: trf Ten Toadd ??idsg n\:j
diém X (m) Y(m) oy | Gém X (m) Y(m) ”[P {:nm)
DC39 | 1194520.204 499353.435 0.0084 DC39 | 1194520.240 499353 564 0.0018
MC2 1193254266 499618.858 0.0000 MC2 1193254 244 499618.872 0.0017
RCA 1194100.079 500399.885 0.0082 RCA 1194100.003 500400.001 0.0018
MGC3 1193175.011 499365.180 0.0000 MC3 1193175.011 499365.180 0.0000
QT4 1193143.655 499571.605 0.0014 QT4 1193143634 499571 .607 0.0016
QT 1193156.860 499493 189 0.0014 Qm 1193156.848 499493 190 0.0014

RATIO Idn nhat bang 65.4, RATIO nhd nhat 9.4; RVA 1gn nhat = 4.3 va nhd nhat la 1.7; RMSmax = 0.009,

RMSmin = 0.006.

Tu bang 9a va bang 9b, ching ta nhan thay do cac diém géc co sai s6 cho nén xU Iy ludi GPS theo phuong
phap binh sai 1uéi phu thude khong dam bao d6 chinh xac dé ra can binh sai ludi tut do véi mot diém géc thi hoan
toan ddm bao do chinh xac dé ra. K&t qua do GPS hoan toan dat d6 chinh xéac sai s6 vi tri diém m, < 3.1mm, do
vay hoan toan"dém bdo do chinh xac do chuyén dich ngang véi do chinh xac yéu cdu mg = 5mm khi xay dung

ludi 1 cap.

Hinh 7. So dé lvdi quan tric do bang TEOT

4.3, Thigt ké Iudi theo phutong phdp do GPS két

hop voi TEOT

Do do GPS va TDBT cung chung thai didm cho
nén tr s8 lieu toa dd cla cac diém GPS két hgp véi
cac tri do goc canh cla ud quan trac, ti€n hanh binh
sai mang ludi quan tric vai s6 liéu gdc 1a toa do cac
diém xéac dinh bang GPS (s& dung diém MC2 va MC3
dé 1am toa do khdi tinh cho ludi quan tric). K&t qua toa
30 va sai s6 vi tri didm sau binh sai duge ghi d bang
8b va tUr bang nay chdng ta nhan thay sai s6 vi tri diém
yéu nhét bang 2.5mm nhd hon m, = 3.4mm. Do dé,
phurang phap k&t hgp nay hoan toan dadm bao do chinh
xac theo yéu cau xac dinh chuyén dich v&i mg = 5mm.

Trong quan tric chuyén dich ngang cong trinh du
ap dung phuong phap nao dé quan tric di nita thi méc
khéng ché co s@ (mbc chuén) van 13 y&u t6 quyst dinh
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Hinh 8. S¢ d6 ludi GPS

dén sy chinh xac clia muc do dich chuyén cong frinh.
Vi vay can cé bién phap kiém tra, danh gia do én dinh
clia m6c chudn. Co thé kiém tra d6 6n dinh clia méc
chuan theo mét trong nhitng cach hay dung sau day:

Khi xay dung luéi khdng ché ¢a sd theo phuang
phap truyén théng thi 4p dung thuat toan binh sai ludi
ty do & trén dé phan tich, danh gia do 6n dinh cha mdc
chudn. Sau khi binh sai Ian 1 theo ludi ty do néu tim
dugc diém nao khéng &n dinh thi can ti&n hanh 1ap lai
1an 2 véi diéu kién C, = B, d6i véi nhitng diém 8n dinh
va C, = 0 d&i véi nhimg diém khong 6n dinh.

- Tigu chudn 8n dinh clia cac diém khdng ché 1), [6]:
|0,| < £.m,, (tbling 2 hodc 3) (10)

Trong d6 Q;1a gi4 tri chénh léch toa do cia diém
khéng ché& J trong hai chu ky quan trac {chu ky 1 va
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chu Ky i), Mg, 1a sai s6 d6 Jech Q, dudc xac dinh tu két 4.4 So sdnh toa dé phuong dn do Isdi bing TOPT

qud binh sai ludGi:

my, "—‘Jmf,‘ +mf,‘ (11)

Khi st dung GPS dé do lugi khong ché co s thi
lan luot 13y cac didm khdng ché va tinh toan binh sai
dé tim ra cac diém 6n dinh va tiéu chuén 8n dinh ca
cac diém, trong truang hop nay la:

0| < t.m, 2 (my;: sai s Iusi khong ché) (12)

vdi phuong dn do Iudi bang GPS

Pé khao sat toa do clia 2 phuong an {ap luéi néu
trén chong toi tién hanh do dac ludi theo hai phurang
an, dé so sanh dugc thi hai Iu6i nay phai duge tinh
toan binh sai trong cung mot hé toa do. Do do, su
dung ca hai diém gdc la MC2 va MC3 dé iam s6 liéu
khdi tinh cho 2 mang Iudi. K&t qua so sanh toa d6 cda
2 phuong an 1ap lugi dugc trinh bay @ bang 9.

Bang 10. Két qua so sanh toa do hai phuong an 1ap lu6i

Tén Toa do do bang may TDDT Toa 49 do blng may GPS Ba léch toa do
diém X{m) Y(m) X(m) Y(m) |AX (m) | 1aYi(m) [ Al (m
QT1 1193156.8561 | 499493.1887 | 1193156.8600 | 499493.1890 0.0039 0.0007 0.0040

Tir két qua & bang 10 ta nhan thay: toa dérclia cac
diém theo hai phuong an lap ludi c6 do sai khac nhau
vé toa d0 la khodng 4mm. Do vay, viéc lap ludi theo
phuong an nae di chang nita thi van dam bao vé
phuong dién toa do.

Day chi la so sanh budc dau. D& khang dinh mot
cach chinh- xac thi can khao sat thém nhigu Ian cho
hai phuong an nay.

5. K&t luan

Tir cac két qua thyc nghiém trén ching ta nhan
thdy cac phuong an xay dung ludi, Iya chon thit bi do
dac Iudi va quy trinh x{ ly s8 lieu theo phuong phap
binh sai ludi ty do nhu trén déu dam bao yéu cau guan
trac chuyén dich ngang cla cdu vdi sai s6 xac dinh do
dich chuyén 1a me=5mm. Tuy nhién, c6 thé nhan thiy

rang dé quan trdc chuyén dich ngang cha ciu co

chiéu dai ngan bac qua song thi phuong phap st dung
két hop GPS va TDDT la hap ly nhat bdi vi:

- Ngay nay da c6 may GPS va may TbDT do
chinh xac rat cao;

- Khéc phuc dugc nhuge diém cla phuong phap
truyén théng va phuong phap GPS;
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- Hoan toan c6 thé sir dung d& quan trac chuyén
dich ngang cac cau ¢ chiéu dai In va cac cong trinh
gan bo.
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