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MO DAU
1. Tinh cip thiét cia dé tai

Viét Nam hién 1a thanh vién ctia Hoi ddp 16n qudc t& véi nhiéu nha may thuy
dién da, dang va s& dugc dua vao sir dung, dap Gmg nhu cau ning luong ngdy cang
ting ctiia qudc gia. Cong tac quan tric bién dang cong trinh thuy dién duoc thuc
hién ngay sau khi cong trinh hoan thanh va di vao st dung. Hi¢n tai & nudce ta cong
tac quan trac cha yéu str dung cong nghé do truyén théng vai chu ky theo thang,
nam hodc quy.

Cong nghé quan trac bién dang dap thuy dién ty dong hién da duoc mot sb
nuéc trén thé gidi ap dung, tuy nhién dbi véi Viét Nam thi cong nghé nay van con
1a diéu modi mé. Cong nghé do dac tu dong cho phép quan tric cong trinh thuy dién
lién tuc 24/24 gid bang may toan dac dién tir. Phadn mém trén may tinh sé& tinh toan,
xuat két qua quan trac trong thoi gian thyc va dua ra nhitng canh bao cho nguoi
quan 1y theo céc giao thitrc nhu: bao dong, thu dién tir, tin nhan ...

2. Muc dich nghién ctru

- Nghién ctru dic diém cau tric cta hé thong quan tric ty dong cong trinh
thuy dién, va kha nang lap dat hé thong nay trong diéu kién Viét Nam.

- Khao sat 1ép dat hé théng quan tric tu dong ddi véi mot cong trinh thuc té.
Phén tich danh gia cac phuong 4n lap dit cho cong trinh nay.

- Két qua cua dé tai s& dugc ap dung vao thuc té san xuét, gop phan ning cao
chét luong xdy dung va qua trinh theo di van hanh céc cong trinh thuy dién ¢ Viét
Nam.

3. Nhiém vu ciia dé tai

- Khao séat nguyén 1y hoat dong, dic diém cau tric va diéu kién lap dat cua hé
thdng quan trac tu dong bang mdy toan dac dién tir Trimble S8.

- Xac dinh quy trinh van hanh hé thng. Khao sat danh gia cac phuong 4n lap
dit va pham vi tng dung cua hé théng dé quan tric bién dang dich chuyén ngang
cong trinh thuy dién.

- Thyc nghiém khao sat thiét ké 1ap dit hé théng quan tric tu dong déi voi
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mot cong trinh thuy dién & thuc té.
4. P6i twong va pham vi nghién ciru

Khao sat, danh gia do chinh xac phuong an lap dit tram may chu tai thiy
dién Yaly.
5. N¢i dung nghién ctru

Nghién ctiu hé théng thiét bi, phan mém dung cho quan tric ty dong chuyén
dich cong trinh.

Nghién ctu vé ludi khdng ché co s¢ ding trong quan tric truyén théng va
ludi dung cho quan tric ty dong.

Nghién cau vé ludi quan tric va vi tri 1ap dit tram may chu.
6. Phwong phap nghién ciru

Bé4o cé&o str dung phuong phép nghién ctu dua trén co so ly thuyét dé giai
quyét cac van dé khao sat bé tri luéi quan trac chuyén dich ngang.

Khao sat ly thuyét cong tac thanh Iap lugi khéng ché co so, ludi quan trac
chuyén dich ngang tuyén dap 1am co sé cho thiét ké hé théng quan trac tu dong.
7. Y nghia khoa hoc va thue tién

Khao sat viéc xay dung hé théng ludi mit bang quan tric chuyén dich ngang
cac tuyén dap thuy dién trén mo hinh cic cong trinh thuy dién tai Vi¢t Nam, két
qua thyc nghiém di goép phan minh chtng, 1dm rd hon cho ndi dung khao sat 1y
thuyét va budc dau di chimg to kha ning tng dung hé théng quan tric ty dong vao

muc dich quan tric cac cong trinh thity dién.
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Chuwong 1
YEU CAU KY THUAT QUAN TRAC BIEN DANG
CAC CONG TRINH THUY PIEN
1.1. PAC PIEM CAU TRUC CONG TRINH THUY DPIEN

Viéc khai thac ning luong cua cac dong chay rat da dang va phong phu, trén
cac dong song ngudi ta tién hanh ngin dong, dap dap dang nude tao ra cac hd chura
va chénh cao cot nudc dé xay dung cac nha may thiy dién. Tai nhing dong song
16n, khi xay dung thay dién khu vuc tuyén dap con xay dung cac 4u thuyén, bén
cang dam bao giao thong va van tai hang hoa. Cau tric cta cong trinh thuy dién
bao gom cac hang muc co ban sau:

- Tuyén ap luc gdbm c6: dap dang, dap tran, kénh dan (hdm dan) dong. ..

- Tuyén ning lugng gdm cé: cira nhan nudc, ham dan nudc, thap diéu ap,
duong ong ap luc. ..

- Nha may: gém céc té6 may phat dién.

Ngoai ra con ¢ tram bién ap, tram phan phdi dién, duong day tai dién...
1.1.1. Tuyén ap lwe

Nguyén tic hoat dong ctua nha may thuy dién 1a dwa vao ning luong cua
dong nuéc chay gdm hai thanh phan chinh 1a: c6t nuéc (H) va luu luong dong
chay (dung tich hd chta) Q=f(H). Cong suit cia nha may duoc tinh theo cong
thirc:

N=9.81**Q*H (1.1)

Trong d6 7 13 hé s6 ton that.

Tt (1.1) ta thiy cong suit nha may ty 16 thuan voi chénh cao cot nudc va
dung tich hd chtra, Nhu vy mudn nang cao cot nudc va ting dung tich hd chua
can phai xay dung dap ngin séng. Pay 1a mot trong nhimg hang muc chinh cua
mot nha may thay dién.

Khi d3 c6 hod chtra véi mdi cong trinh thuy dién bao gid ciing phai xay dung

tuyén tran dé x4 Ia.
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Hinh 1.1. Ddp ddng va tran cong trinh thiy dién

1.1.2. Ho chira

Viéc xay dung tuyén dap thuy dién s& tao ra hd chtra nudc ¢ phia thuong
luu. Nhiém vu chinh cia hd chira 1a tich nudc va diéu tiét luu lugng dén va Iuu
luong x4 khi c6 Ia.
1.1.3. Hé thong din nuwéc

Hé théng nay gom: Cira nhan nudc, kénh (ham) dan, thap diéu ap va duong
6ng ap luc. Tuy theo diéu kién dia hinh va dia chat dé xay dung hé théng dan nudc
dang kénh hay ham din nudc di theo tuyén ngin nhat t6i thap diéu ap dé do vao
duong dng ap luc din vao nha may theo thiét ké da chon.
1.1.4. Nha may thuy dién

La t6 hop may moc thiét bi thuy luc, dién bao gdm: tude bin, dng dan, dng
xa, cO gop dién, bo chia dién, bang diéu khién... nham bién thily ning thanh dién
nang. Co6 cac kiéu nha may ngam, nha may ho bd tri sau dap va bd tri kiéu duong

dan...
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Hinh 1.2. Thdp diéu dp, dng dp lwc va nha mdy cong trinh thity dién

1.2. KHAI NIEM CHUNG CHUYEN DICH BIEN DANG CONG TRINH
1.2.1. Khai niém vé chuyén dich va bién dang cong trinh

Dudi su tic dong ctia cac yéu to ty nhién va nhan tao ma trong qua trinh thi
cong ciing nhu van hanh thi cong cong trinh déu co thé bi chuyén dich va bién
dang. C6 thé hiéu van dé nay nhu sau:

Chuyén dich cong trinh 13 sy thay doi vi tri cong trinh trong khong gian theo
thdi gian so véi vi tri ban dau ciia né. Dya vao phuong chuyén dich cong trinh ma
c6 thé chia chuyén dich cong trinh ra 1am hai loai:

- Chuyén dich theo phuong thang dung goi 1a d6 troi 10n.

- Chuyén dich trong mat phang ndm ngang goi 1a chuyén dich ngang.

Bién dang cong trinh 1a su thay d6i hinh dang, kich thudc caa cdng trinh so
v6i trang thai ban dau ctia nd. Cac biéu hién dang thudng gip 1a sy cong vénh, vét
ran nut. ..

1.2.2. Nguyén nhan giy ra chuyén dich bién dang cong trinh

Dua vao yéu to tdc dong dén cong trinh ma cé thé chia nguyén nhan gay ra
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chuyén dich bién dang cong trinh ra 1am hai nhom:

- Nhom nguyén nhan do yéu t6 tu nhién: do tinh chét cua 16p dat da dudi
nén mong cong trinh, cac hién tugng dia chét cong trinh, dia chat thily van; su thay
ddi theo mua cta ché do thuy van nhu nuéc man, nude ngﬁm. ..

- Nhém nguyén nhan do yéu té nhén tao: sy gia ting tai trong ctia cong trinh
trong qua trinh x4y dung; su thay ddi tinh chat co 1y cua cac 16p dat da dudi nén
mong cong trinh do viée thi cong cac cong trinh ngdm dudi moéng.

- Xir 1y s6 liéu quan tric, tinh toan cac théng sé chuyén dich bién dang cong
trinh.

1.2.3. Muc dich va nhiém vu quan tric chuyén dich bién dang cong trinh

Quan tric chuyén dich va bién dang cong trinh nham muc dich xac dinh mirc
d6 chuyén dich bién dang, nghién ciru tim nguyén nhan giy ra cac chuyén dich
bién dang, tir 6 co bién phap xir 1y, dé phong cac tai bién c6 thé xay ra trong qué
trinh xdy dung va st dung cong trinh, cu thé 1a:

- Xac dinh gia tri chuyén dich bién dang tai thoi diém quan tric dé danh gia
murc d6 6n dinh cua cong trinh.

- St dung céc két qua quan tric dé kiém tra cac tinh toan trong giai doan
thiét ké cong trinh.

- X4c dinh cac loai bién dang c6 kha ning anh huong dén qua trinh van hanh
cong trinh dé dé ra ché d6 str dung va khai thac cong trinh mot cach hop 1y.

Pé quan tric chuyén dich bién dang cong trinh can khai thac cac nhiém vu
cu thé sau:

- Xac dinh nhiém vu k¥ thuat, khai quat vé cong trinh, diéu kién tu nhién va
ché d6 van hanh cong trinh.

- Lap ho so phan b cac mdc khdng ché va mbe quan tric.

- Thiét ké so dd quan tric.

- X4c dinh yéu cau do chinh xac va chu ky quan tric & nhimng giai doan khac

nhau.
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- Phuong phap va phuong tién ding trong quan tric.

- Bo dac ngoai nghiép.

- Xtr 1y sb lidu quan tric, tinh toan cic thong sb chuyén dich va bién dang
cong trinh.

1.2.4. P chinh xac va chu ky quan tric
1. Yéu cdu dp chinh xdc

Vi¢c xac dinh yéu cau do chinh xac quan tric mot cach hop 1y 1a mot trong
nhimg yéu ciu va nhiém vu quan trong ngay tir khi 1ap dé cuwong thiét ké quan tric.
biéu d6 mang y nghia sau sac vé mat kinh té va ky thudt. Muc ti€u dat ra lam sao
vira phai ddm bdo phat hién va xac dinh dugc lugng chuyén dich, vira phai tiét
kiém t6i da trong van dé kinh té. Mau thuin & ddy 13, 46 chinh x4c can thiét quan
trac duoc dé ra ngay tir khi lap dé cuong quan trac mot s chu ky, tir d6 méi ¢ thé
dé ra duoc d6 chinh xac quan tric hop 1y. Vi vy cin dua ra yéu cau vé do chinh
xé4c quan tric theo hai giai doan:

- Giai doan ddu ciia qud trinh thi ¢éng xdy dung.

O giai doan nay, yéu cau d6 chinh xac duoc xac dinh dua vao tinh co 1y cua
nén mong va dac diém két ciu cua céc loai cong trinh. Do vay, dd chinh x4c quan
trac chuyén dich céng trinh dugc quy dinh nhu trong bang 1.1.

- Giai doagn khai thac sw dung va van hanh cong trinh.

Trong giai doan ndy ta co thé biét dugc quy luat chuyén dich cua cong trinh
dua vao két qua quan tric cua mot sd chu ky. Dua trén gia tri chuyén dich du bao

c6 thé xac dinh dugc d6 chinh xac can thiét quan tric theo cong thirc:

m, =2 (1.2)

2

Trong d6: m,- Do chinh xéac can thiét quan tric & thoi diém t,, 4- Gid tri chuyén
dich du bao gitra hai thoi diém quan tric, «- Hé sb dic trung cho do tin cdy cac két

qua quan trac (thuong chon &=3).
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Bing 1.1: Yéu cdu do chinh xdc quan trdc chuyén dich céng trinh

_ . D06 chinh xac
TT Loai cong trinh, nén mong ,
quan trac

1 | Cong trinh bé tong x4y trén nén da gbc +1 mm

Cong trinh x4y dung trén nén dat cat, sét va cac nén
2 _ 3 mm
chiu nén khac

3 | Cac loai dap dat da chiu ap luc cao +5mm
4 | Cong trinh xay trén nén dat dap, nén truogt + 10 mm
5 | Cac loai cong trinh bang dat dap + 15 mm

2. Chu ky quan tric

Quan tric chuyén dich bién dang cong trinh thuc chat 13 dang cong tac do
1ap, duoc thuc hién nhiéu lan cung voi doi tuong, moi lan do goi 1a mot chu ky
quan trac. Thoi gian thuc hién céc chu ky do duoc xac dinh trong giai doan thiét ké
k¥ thuat quan tric. Chu ky quan tric phai duoc tinh toan sao cho két qua quan tric
phan anh ding thuc chit qua trinh chuyén dich ctia mdi ddi twong quan tric. Chu
ky quan tric dugc thiét ké vira phai dam bao phat hién duoc luong chuyén dich,
vira phai dam bao tiét kiém, tranh lang phi thoi gian va cong strc. Trong thuc té,
thudng phan chia cac chu ky quan trac chuyén dich theo 3 giai doan: giai doan thi
cong, giai doan van hanh cong trinh va giai doan cong trinh di vao 6n dinh.

- Chu ky 0: dugc thyc hién khi cong trinh di x4y dung xong, cac mdc da 6n
dinh va chua c6 4p luc ngang tac dong dén cong trinh.

- Chu ky 1: dugc thyc hién ngay sau khi c6 ap luc ngang tdc dong 1én cong
trinh.

- Céc chu ky tiép theo: duoc thyc hién tiy theo mirc ting giam 4p luc ngang
Ién cbng trinh.

- D61 voi céc cong trinh ¢d bién dang tuan hoan can tién hanh quan trac theo
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Thoi ky cong trinh di vao on dinh: thoi gian quan tric c6 thé tir 6 thang dén
1 nam hodc dai hon. Tuy nhién, néu phat hién c6 nhiing déu hiéu chuyén dich va
bién dang bt thuong can tién hanh cac chu ky quan tric bo sung.

1.3. NGUYEN TAC THUC HIEN QUAN TRAC CHUYEN DICH VA BIEN
DANG CONG TRINH BANG PHUGONG PHAP TRAC PIA
1.3.1. Nguyén tic chung

Cong tac quan trac chuyén dich va bién dang cong trinh dugc thyc hién dua
trén cac nguyén tic sau:

- Khac véi cong tdc do dac thong thuong, ngoai viéc xac dinh 3 tham sb
khong gian ciia diém thi quan triac con phai xac dinh thém tham s6 thoi gian (t).
Piéu d6 co nghia 1a dé xac dinh chuyén dich bién dang cong trinh can tién hanh do
dac & nhiéu thoi diém, so sanh giira cac thoi diém dé tim ra gia tri chuyén dich.
MBOi thoi diém do dac duoc goi 1a mot chu ky, 1an do dac dau tién goi 13 chu ky 0.

- Pé xac dinh lugng chuyén dich bién dang cong trinh cin so sanh két qua
quan tric qua cic chu ky voi mot dbi twong 6n dinh. Thong thudng cac dbi tuong
6n dinh nay 13 cac mdc khdng ché ¢ do chinh xac cao. Vi viy ma trong quan tric
chuyén dich va bién dang cong trinh thuong thanh 1dp hé thong ludi khong ché
g6m hai bac luéi doc lap (ludi khdng ché co so va ludi quan trac).

- Gia tri chuyén dich bién dang thuong rat nho, do vay can sir dung cac
phuong phap va phuong tién may moc c6 d6 chinh xac cao dé tién hanh quan tréc.

- Viéc tinh toan binh sai ludi trong mdi chu ky quan tric phai duoc thuc hién
trong cung mot hé théng toa do hoac d6 cao da duoc chon ngay tir chu ky dau tién
theo quy trinh chung: phan tich d6 6n dinh lu6i khdng ché co sd, binh sai ludi
quan tric, tinh toan céc thong sd chuyén dich bién dang cong trinh. Nhu vay, can
phai co k¥ thuat xtr 1y riéng, phi hop v6i ban chit ctia mot ludi quan tric bién
dang.

Ngoai cac nguyén tic chung da ndi & trén, con c6 nhitng nguyén tic riéng,
dic trung cho mdi loai chuyén dich bién dang cong trinh cu thé.

1.3.2. Quan trz"l)c( chuyén dich ngang cong trinh

(D) {
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Hinh 1.3. Chuyén dich céng trinh
Vé dinh lugng, chuyén dich cua mot dbi tuong bat ky trong mat phéng nam
ngang giita hai thoi diém quan tric (i) va (j) trong hinh 1.3 dugc xac dinh thong

qua cac dai lugng sau:

- Chuyén dich theo truc OX:

q, = x0 —x® (1.3)
- Chuyén dich theo truc OY:

g, =y? -y (1.4)
- Chuyén dich toan phan:

g, =+ +92 (1.5)

Trong d6: x®, xV, y® y¥ 13 toa d6 cna ddi twong dugc xac dinh trong céc
chu ky thtr (1) va (j).

Nhu vdy, chuyén dich ngang cong trinh c¢6 thé dugc xac dinh bang cach xac
dinh va so sanh toa d6 cua cac diém moc quan tric gén tai nhitng vi tri dac trung
trén cong trinh & cac chu ky quan tric khac nhau. Pé xac dinh toa do cac diém
quan tric thuong thanh 1ap mdt hé théng ludi trac dia mat béng, duoc goi 1a ludi
quan trac chuyén dich ngang cong trinh.
1.3.4. Phan tich danh gia cic phwong phap thanh lap lwéi khong ché quan
trac chuyén dich ngang cong trinh
1. Phwong phap GPS

Véi sy phat trién cua hé thdng dinh vi todn cau GPS d3 mé ra mot hudéng

méi trong cong tac tric dia cong trinh 12 tng dung céng nghé GPS trong quan trac
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chuyén dich ngang céng trinh.

Cong tac quan trac chuyén dich ngang cdng trinh bang ludi GPS ciing ¢6 hai
cap ludi 14 luéi co so va ludi quan tric. Do chinh xac cac cap ludi 1a nhu nhau.

Phuong phap nay sé& cho ta lua chon d& dang hon ddi véi viéc bd tri @6 hinh
lui co s& vi phuong phap GPS thi @6 hinh luéi khong anh husng nhiéu dén do
chinh xé&c cua lugi. Tuy nhién phuong phap nay ciing s& kho ap dung d6i véi céc
diém quan trac b tri trén bé mat cdng trinh c6 cac vat can anh huong dén viéc thu
tin hiéu cua vé tinh.

2. Lwoi tam gidc do goc canh

Noi dén quan trac chuyén dich ngang bang ludi do goc canh 13 viéc xac dinh
chuyén dich ngang nho tri do mit dat bang cac may toan dac dién tr co6 do chinh
x&c cao. Ludgi dung cho quan trac chuyén dich ngang gom hai bac ludi 1a ludi co
s va ludi quan trac. Ngay nay thdng thuong nguoi ta thanh 1ap cac bac lugi nay
bang phuong phap do goc canh han hop.

Théng thuong ludi co sé thudng duoc thanh 1ap bang cac chudi tam giac do
toan gdc, toan canh véi dd hinh ludi téi wu nhat c6 thé bd tri duoc ¢ thuc dia dé
dam bao d6 chinh xac.

Bac ludi quan trac thudong duoc xac dinh bang phuwong phap giao hi thuan
goc canh tir cac diém cua ludi co so.

3. Phwong phap da giac

Phuong phap da giac thuong dugc sir dung trong quan trac chuyén dich
ngang caa nhiing cong trinh dang hinh cung nhu cac tuyén duong, ham giao théng,
tuyén dap dang vom. Trén mdi tuyén quan tric xay dung mot duong chuyén qua
cac mdc gan tai cong trinh, ¢ hai dau duoc dua trén hai diém khong ché co sé va
do ndi it nhat hai phuong vi gbc. Po goc, canh trong tuyén da giac bang may toan
dac dién tir chinh xac.

Ta nhan thay ddi v6i phuong phap da giac sai sb Vi tri cac diém phu thuoc
vao sai sé do goc, sai sd do canh, diém yéu nhat s& nam ¢ giira tuyén.

4. Phwong phdp hwéng chudn

Hudng chuan 1a hudng duoc tao nén boi mat phang thiang dung di qua hai
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diém cb dinh. Cac diém cb dinh nay duoc goi 1a diém chuan. Quan trac chuyén
dich ngang bang phuong phép huéng chuan 1a dinh ky xac dinh khoang cach hinh
chiéu tir cac diém kiém tra toi huéng chuin, so sanh dé tim ra sy chuyén dich.
Khoang cach hinh chiéu tir cac diém kiém tra téi huéng chuan duoc goi 1a d6 léch
hudng chuan.

Phuong phap nay thuong duoc &p dung dé xac dinh su chuyén dich ngang
ctia cac cong trinh dang thang.

1.4. TONG QUAN VE QUAN TRAC CAC CONG TRINH THUY BIEN O VIET
NAM

O Viét Nam cong tac quan trac bién dang cong trinh thuy dién da duoc tién
hanh & hau hét cac cong trinh thuy dién da xay dung nhu: NMTD Théc Ba, Tri An,
Hoa Binh, Thac Mo, Yaly, S6ng Hinh v.v...

Hinh thtrc va phuong phap xay dung ludi quan tric ciing nhu phuong phap
do va thoi gian cac chu ky do phu thudc vao dac diém dia hinh, dia chat va quy mé
ctia mdi cong trinh. Trong ludn vin ndy gidi thiéu tém tat tinh hinh thuc hién quan
trac bién dang chuyén dich ngang tuyén dap ctia mét sd cong trinh thity dién tiéu
biéu & Viét Nam.

1.4.1. Quan tric bién dang céng trinh thiy dién Thac Ba

Nha may thuy dién Thac Ba 1a mot trong nhitng nha méy thuy dién dau tién
O nuoc ta, dugc dua vao sur dung tor nam 1971. Cong trinh nay duoc xay dung voi
su giup do cua Lién X0 va ¢6 quy mo trung binh.

Phuong phép quan tric chuyén dich cong trinh ¢ thuy dién Thac ba dugc
thuc hién theo phuwong phap “Huéng chuan”, dwa vao hai moc khéng ché co s
(mdc P va méc G hinh 1.4) duoc dit hai dau dap va cac méc quan trac (T1, T2, T3,
T4, T3, T6) dugc gan trén cac bd phan khac nhau cia cong trinh. Tir ndm 1982 dén
nam 1993 theo yéu cau ciia nha may, Cong ty tu van thiy loi I da thiét ké va xay
dung lai mang luéi khong ché co s¢ (hinh 1.4) va trién khai cong tac quan tric do
chuyén dich véi chu ky mot ndm mot 14n, nham danh gia muc do 6n dinh cua cong

trinh trong qua trinh st dung va van hanh.
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Trong thoi gian dau k¥ thuat do dai dién tr con han ché nén ludi khéng ché
co s& ¢ day duoc thanh 14p theo phuong an ludi tam giac do goc va canh day. Ludi
dugc thanh 13p tur sau mdc gém: D1, D2, D3, D4, G va P. Diém P duoc bd tri & vai
dap bo phai, diém G dugc b trf trén dap da do, cac diém con lai 1a D1, D2, D3, D4

nam & phia ha luu dap chinh.

||

P :F)ﬁn chinh Da tran G

| Nha mav

D1

D4

D2
Hinh 1.4. So dé lwéi khdng ché co sé c¢ong trinh thuy dién Thac Ba

Cac goc dugce do bang cic loai may co6 do chinh xac do goc 17 nhu may
Wild T3, may kinh vi OT-02... Canh day PG duogc do bang thudc dy Invar voi sai
s6 trung phuong tuong ddi dy kién 1a 1/700.000. Do diéu kién dia hinh cta khu
vuc trong ludi khong dugce phép bd tri do duge canh day thur 2, nén nhuoc diém
cta ludi ndy 1a khong co diéu kién kiém tra canh, do d6 d6 chinh xac cua luéi s& bi
han ché. Hién nay voi cac thiét bi do xa dién tir dat d6 chinh x4c cao véi sai s tur 2
+ 3mm nhu mday toan dac dién tod TC — 1700, TC-2003 c6 thé tién hanh do ludi
theo phuong phép do goc — canh s& khic phuc dugc nhuoc diém cia phuong an cil.
1.4.2. Quan tric bién dang cong trinh thiy dién Yaly

Nha may thuy dién Yaly bao gom 4 t6 may vdi cong suat 720MWduge xay
dung trén song S€ San thudc ranh gioéi hai tinh Gia Lai, Kon Tum, day la mot cong

trinh thuy dién 16n ¢ nudce ta. Thuy dién Yaly c6 vai tro quan trong trong viéc phat
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trién hé théng niang luong cua nude ta hién nay ciing nhu trong tuwong lai.

Cong trinh thuy dién Yaly da duoc khoi cong xay dung chinh thuc tir thang
11 nam 1993. Giita nam 1998 da thuc hién ngin dép, tich nudc trong hd chia va
vao thang 04 nam 2002 da dugc dua vao khai thac str dung.

Tuyén ap lyc cia thuy dién Yaly (g0m dap dang, dap tran) la mot trong
nhiing hang muyc quan trong ctia nha may. Pap dang cua thuy dién Yaly la loai dap
da do vai 16 gitra 1a 16p dat nén day, vé dang hinh hoc, day 13 loai ddp vom trong
lwc v6i ban kinh cong R=400m. Péap tran xa 1i v6i chiéu dai 191m, chiéu rong
105m co két cau bé tong cot thép trén nén da va bao gom hai phan chinh 14 phan
dau tran va phan déc nudc.

Pé quan tric d6 chuyén dich ngang cua tuyén dap dang va dap tran cong
trinh thily dién YaLy, phong dia hinh Cong ty Tu van xay dung dién I Tong cong
ty dién lyc Viét Nam da thiét ké va xay dung mang ludi khéng ché co so 1a ludi
tam giac do goc-canh két hop, bao gé)m 7 diém, ky hiéu la: QT1, QT2, QT3, QT4,
QTS5, QT6, QT7. Tir chu ky 8 (thang 5 nam 2001) da loai bo cac mbc QT1, QT6,
QT7 do khong dam bao do 6n dinh va xdy dung thém cac mdc QTS8, QT9 va QT10
(hinh 1.5).
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Hinh 1.5. So do lwéi khong ché co sé cong trinh thuy dién Yaly

Trong giai doan xay dung viéc do dac trong ludi dugc thuc hién bﬁng may
TC- 1700 va bd guong, bang ngim chuyén dung véi d6 chinh xac do canh
Ms=£(2+1.5.10%)mm va do chinh xac do goc 1.0". Ttr ndm 2001 téi nay viée do
dac trong ludi duge thuc hién bé'mg may TC- 2003 v&i do chinh xac do canh
Ms=+(1+1.5.10%)mm va d6 chinh xac do goc 1.0”, tao thanh mot mang ludi goc-
canh day dac co két cau chit cha.

Luéi quan tric tuyén dap dang thanh 1ap duéi dang ludi giao hoi gbc-canh
bao gdm 24 mdc quan tric bé mit va 8 mdc sau. Ludi quan tric tuyén dap tran 1a
ludi két hop gitta phuong phap giao hoi goc, canh va phuong phap huéng chuan
bao gom 8 mdc quan tric d6 ln va 8 mdc quan trac chuyén dich ngang.

Cong tac quan tric chuyén dich ngang tuyén dap cong trinh thiy dién YaLy
duoc tién hanh bat dau tir chu ky 0 (tir 15/5/98 két thiuc ngay 30/5/98 trudc thoi
diém dang nudc hd ngay 10/8/98). Cho dén nay da thuc hién dugc 6 chu ky quan

trac trong giai doan xdy dung va 7 chu ky trong giai doan van hanh nha may.
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Chuong 2
HE THONG TU PONG QUAN TRAC BIEN DANG
CONG TRINH THUY DIEN
2.1. PAC PIEM CAU TRUC CUA HE THONG QUAN TRAC TU PONG

Quan tric bién dang cong trinh ddp sau khi dua vao van hanh phat dién tai
cac thuy dién 16n dugc thyc hién bdi cac don vi chuyén nghi¢p ctua chu dau tu
hodc tir cac don vi tu van. Cong nghé trac dia duoc ap dung trong cac cong trinh
dap chu yéu st dung may toan dac dién tir c6 do chinh xac do goc, do canh rit cao,
dap ung duoc cac tiéu chuan hién nay. Vi¢c thuc hi¢n cong tic quan trac thuong
duoc t6 chire thanh céc chu ky do theo thang, quy, nim hodc theo yéu cau dot xuat
do anh huong ngoai canh nhu 1, dong dat. ..

Khi dén chu ky do, st dung may toan dac dat tai cac mbc quan tric duoc xay
dung v6i dinh tam bt budc, do ngém dén cac diém quan trac tai than dap, vai dap
va cac diém dic trung can quan tric dich chuyén ctia mdi dap. Nguoi do thuc hién
viéc do theo thiét ké da 1ap san nhu: sb vong do, s6 doc khoang céch.... Toan bd
sb liéu sau khi do dac tai hién truong dugc xu 1y tinh toan sau dé dua ra céc s6 liéu
so sanh vé6i sb lidu thiét ké va s liéu cua chu ky gan nhat tir d6 c6 canh bao vé
mirc do dich chuyén vi tri cua ting vi tri trén dap.Cong nghé nay hién van dang
duoc cac don vi st dung cho hau hét cac cong trinh dap ¢ nudc ta va mdt sb dap
trén thé gidi va duoc danh gia tt vé chat luong quan tric.

Tuy nhién dudi su tdc dong lién tuc cua cac yéu to ngoai canh nhu 1i lut,
dong dat, sy xudng cap cia chat lugng cua cong trinh xay dung thi viéc quan tric
theo chu ky khong dap tng dugc yéu cau canh bao dich chuyén cong trinh tirc thoi,
gitip cho cic nha quan 1y, van hanh c6 dugc thong tin ¢y da nhanh nhét vé tinh
trang ctia dap khi ¢ anh hudng cua cc yéu to trén.

Nho cac tién bo vé cong nghé ché tao, thong tin truyén thong, may tinh va
phan mém xtr 1y, yéu ciu can c6 thong tin tirc thoi, chinh xac vé chuyén dich cong
trinh dap duoc giai quyét bang cong nghé: Quan tric bién dang tu dong bang may

toan dac dién tir cac cong trinh dap thuy dién.
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Pay 1a cong nghé tién tién da duoc ap dung tai nhiéu dap thuy dién 16n trén
thé gioi. Tuy nhién ¢ nudc ta van 1a cong nghé méi mé do nhidu nguyén nhan
khach quan va chu quan ma chua c6 cong trinh nao dugc ap dung cong nghé nay.
Do ddy 1a mét quy trinh céng nghé hoan chinh va tuong dbi phirc tap, trong khudn
kho luan vin ndy tac gia s& dua ra nhimg dic diém cau trac, hé thdng thiét bi, phan
mém va quy trinh lép dat hé théng tai mQt cong trinh dap thuy dién hién nay.

CAu trdc cua hé théng quan trac tu dong gom 03 hop phan chinh: Hop phan
thu thap sé liéu, hop phan xir Iy sé liéu va hop phan phan tich théng tin va canh
béo.

2.1.1. Hop phan thu thap soé liéu

S6 lidu thue dia dugc thu thap boi may toan dac dién tir d6 chinh xac cao ca
vé do goc, do canh. M4y toan dac cd ché do do tu dong do tim guwong va bat tam
guong chinh xac. S6 lugng may toan dac tly theo quy md thuc té cua timg dap cé
thé gom 1 hay nhiéu may. Hé thdng hién tai c6 thé quan 1y dén 10 may toan dac
trong mot cong trinh va ciing mot thoi diém. Mdy toan dac dat tai cac méc quan
trac cd vi tri quan sat tot nhat dén nhiéu diém quan trac, c6 do on dinh cao, duoc
xay dung kién ¢, dinh tam bat boc. Cac guong dit tai mdc co so ciing cd dinh tam
bat budc va sur dung dé may can bang bot thuy. May toan dac do lién tuc dén cac
diém co sé va diém quan tric. S6 lidu do duoc truyén truc tuyén vé may tinh trung
tam bang cap ndi hoic Modem truyén khong day. Cam bién nhiét do dit tai tram
may do s6 liéu lién tuc va duoc truyén vé may tinh trung tdm ciung duong truyén
véi s liéu do toan dac.

Ngai ra cac sd liéu thuc dia thu thap bang cac cam bién dia k§y thuat duoc
truyén qua cap (cam bién wng suat day rung, cam bién d6 nghiéng) hoic truyén qua
s6ng vo tuyén (cam bién thoi tiét, tram khi twong tu dong).

2.1.2. Hop phan xir ly sé liéu

S lidu do dugc truyén vé trung tam xir ly. May tinh tai trung tam xu ly c6
thé 1a may tram (WorkStation) tai cac cong trinh qui mé nho véi mot vai may toan
dac hodc la may chu (Server) cho nhitng cong trinh I6n khoang chuc may toan

dac. Phan mém xu ly Trimble for Deformation — T4D cai trén may tram, may cha



28

V6i co so dir lisu SQL 2008. Sé ligu do dua vé trung tim qua duong cap hoic vo
tuyén duogc truyén qua cac modem giai ma trude khi dua vao may tinh xtr ly. Phan
mém T4D quan ly tat cac cac théng tin gom:

- Thong tin may do: Toan dac, GPS, Sensor dia ky thuat...

- Thong tin diém co sg, diém quan trc

- Thdng tin vé ngudng han sai...

S6 lidu do tir may toan dac s& dugc xtr ly boi Modul Processing Engine, két
hop véi s6 lidu tir cac Sensor dia ky thuat s& chuyén qua Modul Deformation
Monitor dé phan tich théng tin.

2.1.3. Hop phan phan tich thdng tin va canh bao

Trén co sd Cac Yéu cau vé do chinh xac cho timg dap thay dién, cac han sai
dich chuyén di dugc xac dinh trudc va nhap vao Modul Deformation Monitor.
Modul nay s& phan tich, dua ra bang liét ké két qua tinh toan cho médi diém quan
trac trong mot thoi diém. Cac két qua nay duogc hién thi trén ban d6 nén, biéu do va
bang ké gia tri theo don do quan tric. Cac théng diép canh bdo tr mac dua ra
thong tin, nhic nho, bao déng duogc truyén dén nguoi van hanh, quan Iy bang cac

phuong thtrc: Bao dong — Alarm, tin nhian — SMS, thu dién tir - Email. ..

2.2. MAY TOAN DAC DIEN TU

May toan dac dién tir dung cho hé théng quan tric tw dong ¢ ciu hinh cao, dap

mg duoc cic yéu cau trong quan tric dap.

- Do chinh xac do goc, do canh dam bao sb lieu do guan tric dat duoc han sai
theo tiéu chuan. Cu thé do goc phai dat c¢& 0.5 dén 17, do canh dat
<Imm-+1ppm.

- May c0 chirc nang do khong guong.

- CO ché do do ty dong quay va dao ban do Servo

- CO ché do ty dong do tim va bat guong chinh xAc.

- C6 cong lién két truyén dix liéu lién tuc, truc tuyén
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Hién nay trén thi truong, cac hang nhu Leica, Topcon, Sokkia, Trimble ...déu
c6 thiét bi dap ung duoc cac chi tiéu nay. Trong thoi gian thuc hién ludn van nay,
hoc vién da lam viéc v&1 may toan dac Trimble S8 ctia hang Trimble Hoa Ky.

May toan dac Trimble S8 dugc thiét ké chuyén dung cho cac tmg dung do dac

d6 chinh x4c cao nhu dung trong quan tric dap.

Hinh 2.1. May toan dac dién tir Trimble S8
D0 chinh xac do goc cua may: 0.5, 17
Do chinh xac do canh voi guong don chuin: lmm+1ppm
Do chinh xac do canh v6i guong don theo chuan ISO: 0.8mm-+1ppm
D0 chinh xac do canh khong guong: 3mm+2ppm
Thoi gian do v6i mdi guong: 2 gidy
Khoang cach do véi guong don: 3000 m voi ché do do thuong, 5000 m véi ché
do do Long Range
Khoang cach do khong guong: >500m
Hé thong quay ban do: Cong nghé MagDrive,
Téc do quay 115°/gidy
Thoi gian ddo ban do: 2.6 gidy
Khoang cach diéu quang ngan nhat: 1.5m
Hé théng tu dong:

- C6ng nghé SurePoint: tu dong hiéu chinh cac yéu té rung lic caa may do tac
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d6 cua gio, 1an va mot sé yéu td khac.

- CoOng nghé FineLock: tu dong do tim dung tdm guong hoac chir thap cua
guong gidy. Do chinh xac dat dugc <1mm véi khoang cach 300m véi guong
don.

- Phén biét duogc cac guong véi khoang cach 0.8m & cu li 200m.

- Cu li ty dong do tir 20m dén 2500m

Phan mém diéu khién Trimble Access véi Modul Monitoring, lién két truc tiép
v6i phan mém T4D chuyén dung cho quan tric.

Hé thdng guwong quan trac: Bao gém hai loai guong.

- Guong quan trac gan cb dinh tai cac diém co so: 1a loai guong to thuong ding
cho do duong chuyén, duong kinh 6.2 cm, hang sé guong -35mm, cd thiét ké
chéng mwa nang, duoc gan cd dinh tai cac mdc co s ¢6 dinh tam bat boc.

- Guong quan tric gan tai cac diém quan trac: 1a guong gin c6 dinh tai cac diém

quan trac c6 duong kin nhd 25mm, hang s6 guong -17mm hoic guong déan.

e e =10 trong quan trdc dap
2.3. HE THONG SENSOR PIA KY THUAT

Trong hé thong quan tric tu dong ngoai cac sé liéu do bang mdy toan dac,
phan mém cua hé thong con tiép nhan céac sé liéu quan tric tir cic cam bién dia k¥
thuat nhu: Cam bién nhiét d6 - Temperature Sensor, cam bién ung sudt —

Piezometer, cam bién d6 nghiéng cong trinh Tiltmeters.. .
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2.3.1. Cam bién nhiét d9 - Temperature Sensors

Nhiét d6 moi truong tai mdi diém dit may sé bién thién theo thoi gian, anh
hudng truc tiép dén két quéa do canh EDM. Madi diém dat may toan dac quan tric,
gén mot cam bién nhiét dd. Cam bién nhiét d6 dua ra thong s6 nhiét moi truong
lién tuc theo thoi gian dang sb va duoc truyén vé may tinh xir Iy trung tdm cung
v6i s lidu do tir may toan dac. Phan mém s& dong bo thoi gian giita tri do bang
may toan dac va cam bién nhiét va tinh ra s6 hiéu chinh PPM, hiéu chinh tirc thoi
vao két qua do canh. Phan mém xir Iy c6 Modul Temperature Sensor nhan dit liéu

nhiét 46 thong qua cong TCP/IP.

Hinh 2.3. Cdm bién nhiét dj cong Serial
2.3.2. Cam bién {rng suit - Piezometer Sensors

Cung véi cac tri do bang may toan dac (goc, canh), quan tric bién dang dap
thuy dién con dung cac phuong phap khac dé xac dinh gia tri chuyén dich. Hé
théng quan tric ty dong v6i phan mém xtr 1y ¢6 Modul xir 1y s liéu do tir cac cam
bién tmg suit day rung, thuy luc, ng dimg va dién tu.

Cam bién tng suat dugc dung dé do 4p suit cot nudc va muc nude ngim
trong dap. Trong quan tric bién dang dap, cam bién tng suat dung dé do quan tric,
du béo cac anh hudng do ap suat cot nudc co anh huong dén than dap. Két hop véi
may toan dac dién tir, hé théng phan mém quan tric c6 Modul quan tric lién két
v6i cam bién ap suat ddy rung: Vibrating Wire Piezometers. Cam bién day rung
duoc lip dit theo thiét ké cua dip va chén khi thi cong than dap. S6 liéu duoc

truyén qua bo phan doc bang ddy dan tir Sensor ra ngoai. Bo doc ngoai c6 thé doc
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ra tan sO va hién thi trén man hinh. Céc thiét bi hién dai nhu Slope Indicator tinh
toan cho ra két qua bang don vi ing suat hodc ap suit cot nudc. Uu diém cua
phuong phap nay:

- Cho két qua véi d6 phan gai cao nhat ngay khi ap suat thap.

- R4t 6n dinh trong thot gian dai, it bi troi truot.

- S0 liéu thu duoc tir xa va it bi can nhiéu.

Prassure Bearing
Diaphragm

Steal Wire Tensionad Batweean
Diaphragm and Rigid Body

Wire Retained Under
Tension by Swags

Mz tic Coil
ane Rigid Body and Header

VIWEPIESTO, ook

Hinh 2.4. Cam bién vng sudt ddy rung
2.3.3. Cam bién @9 nghiéng - Tiltmeter
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Hinh 2.5. Cam bién dg nghiéng thang dimg

Hinh 2.7. Pau doc sé liéu cam bién

Hé thong cam bién do nghiéng bao gom mot dau do gin trén ban dé do va
dau doc sb. Ban dé do dung dé do d6 nghiéng mit phang va do nghiéng ding va
thudng gan chat vao than dap bang vit hoic xi mang.

Pé doc sb lieu do nghiéng, dung dau do gan vao ban dé, gan dau cap néi caa
dau do vai sb tay doc. Po chinh xac nho nhat doc duoc 0.004mm twong Gng véi 8
arc seconds. Sé liéu doc thu vao s6 tay va duoc két ni truc tiép xir ly tac thoi
hodc xu ly sau bang phan mém T4D cua hé théng quan tric ty dong.

Uu diém cua hé théng nay 1a dé dang gan trén dap bang gan ho hoac khoan
vit bu 16ng. Tuy nhién viéc gan truc tiép trén tudong, vach dap sé dé gay hong thiét

bi khi c6 va dap.
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2.4, HE THONG PHAN MEM QUAN TRAC

Phan mém quan trac xir Iy s6 liéu do tic thoi (Real Time) tir c&c may toan
dac, Sensor dia ky thuat T4D cuaa hdng Trimble Hoa Ky. Phan mém duoc thiét ké
dang cac Modul, chay trén may tinh tram WorkStation hoac may chu Server bao
goém cac Modul sau:
2.4.1. Modul DATA COLLECTOR

Modul nay dung dé thiét dit cAu hinh do ctia may toan dac Trimble S8. Lap
lich do, vong do cho may dén cac diém co s, cac diém quan tric sir dung cong
nghé tu dong tim gwong AutoLock, do tim tdm guong FineLock. Toan bo s6 liéu
do duoc tir 1 hay nhiéu may toan dac cung thoi diém duoc luu vao co so dir lidu

cua Modul nay.

—| Incoming Connection |
| Connection type |TC PIIF Client |
| = Connection Seitings | |

[ Server name [102133.252 |

| Port number |4C’C’;2 |
- Total Station |

Mission name Office

Selected total station Office_Station 2

Serial number 981100428

FIN e
—| Scheduler ]
[ Enable scheduler fes |
| Scheduler configuration | Run every day from 16:00 for 24 hours; every 1 h; sfter failure try 2gain after 1 min |
~ Weather Condiion |
| Temperature [*C] |ZD |
| Refraction coefficient |oez |
-1 Version |
[ SNPCom [435 |
[ ePP [239 |
- Round i |

Points to be measured 9 points selected for measurement.

Round mode F1..F2

Repeat measurement Mo

Enzable slope distance fallback Mo
= ity Thresholds |
| Default [ |
- GKAO |
| Enable GKA output | Mo |
Enable GKA output
Enables the output of raw measurements via GKA protocol

[ 2epy ][ Close

Hinh 2.8. Giao dién Modul Data Collector
2.4.2. Modul DATA LOGGER
Modul doc céc théng sb tir cac Sensor dia ki thuat duoc két ndi véi he

thdng, tinh chuyén céc tin hiéu sé tir cac cam bién nay thanh cac don vi do, luu trit
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trong co s dit liéu va phan phdi d¢én cac Modul khac.

Status | Mezsurements | Sensor Chart | Histor',f|

Last acquisition: 17.03.2011 14:35:00

Health Measurement Type * Sensor Name Sensor Serial Number Manufacturer Sensor Group  Status Description

@ -E l : Campbell Terrasat ina. : Campbell Sci | Data Loggers | Successful sensor data acquisition: 2 observation(s) found. I
(<] {7¢] l Fiezometer Adjustable 10-2550 DGsl Fiezometers  Successful sensor data acquisition: 2 observation(s) found
(<] {7¢] l Piezometer Bottom Fix 10-2554 DGsl Fiezometers  Successful sensor data acquisition: 2 observation(s) found
Q .l-g l Tiltmeter Adjustable 15360 DGSI Tiltmeters Successful sensor data acquisition: 2 observation(s) found
2] .I-P l Tiltmeter Top Fix 15359 DGsl Tiltmeters Successful sensor data acquisition: 2 observation(s) found.

Status | Measurements | Sensor Chart | History |

Last acquisition: 17.03.2011 14:35:00

Hezlth Sensor Name Measurement
8] Tiltmeter Adjustable -(,256 deg
5] Tiltmeter Top Fix 0,012 deg

[=l Temperature (5 items)

Health Sensor Name Measurement
8] Campbell Terrasat 120°C
5] Piezometer Adjustable 115°C
5] Piezometer Bottom Fix 105°C
5] Tiltmeter Adjustable 124°C
8] Tiltmeter Top Fix 148°C

=l Pressure (2 items)

Heslth Sensor Name Measurement

5] Piezometer Adjustable -14kPa

5] Piezometer Bottom Fix 2.8 kPa
[= Battery (1 item)

Heslth Sensor Name Measurement

& Tilt 2items) |

5] Campbell Terrasat 134V Off

Sensor Failure Alarm “

Off
Off

Sensor Failure Alarm ’
Off
Off
Off
Off
Off

Sensor Failure Alarm “

Off
Off

Sensor Failure Alarm “

Hinh 2.9. Giao dién Modul Data Logger

2.4.3. Modul DATA RECEIVER

Modul Data Receiver doc cac tri do tir chudi sb liéu do duoc tir may toan
dac dién tir & khudén dang GNV, tinh chuyén va luu trit trong co so dit liéu trung

tam. Cac may toan dac dién tar cd khubn dang dit liéu nay déu co thé truyén dir liéu

do dén phan mém.
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T DTSR TSI (G DTSR TIaten
'ﬁ? Ephemeris Download [Standard]
'EQ Ephemeris Manager [Defauli]
=4 Geotech Maonitor [Terrasat Data Loggers]

=-B& Instrument Manager [Office Instruments]

= @ Data Collector [581100 g
. GKA Storage [DC §

= @ Data Collector [385100
. GKA Storage [DC §

=-B& |nstrument Manager [Supp
§ Data Collector [320101

= "’Fﬁ Integrated Survey Engine [
=4 Deformation Manitor [I3

= a Post Processing Engine [2

=4 Deformation Manitor [F

= a Post Processing Engine [
=4 Deformation Manitor [F
=== Router Manager [Standard
% Router [Office Temp to

= ﬁ Synchronizer [Terrasat Stz
= ﬁ RTHK Engine [Terrasat
4 Deformation Maonitg

=-#l. RTK Engine [VRSINet
B4 Deformation Monitor T7R

Site Setup

Reset Reference Circle
Rezet Instrurment
Measure Reund

Abort Round

Peint Import From C5V File
5"  Properties...

Inzert Module...

Remowve Module...

Select same Type
Select same Type from same Container

Select same Type from same Parent

T 1
Hinh 2.10. Giao dién Modul Data Receiver
2.4.4. Modul DEFOMATION MONITOR

Modul nay phan tich cac di liéu da dugc xir ly. Cac dit liéu cd thé tir may

toan dac, may GPS hoic két hop ca hai. Modul s& liét ké cac gia tri dich chuyén,
dua ra cac ban d6, biéu do, két qua binh sai va cho phép xac dinh truc tham chiéu

bl. Gi4 tri nay dong thoi dugc gidi han boi gigi han canh bao.

Terrestrial Engine RT [Terrasat Data Receiver] | Deformation Monitor [Terrasat Data Receiver] - Displacement Chart =
SEES v *
Point: (4D1plus <] [CRefresn |

Terrestrial Engine RT [Terrasat Data Receiver] \ Deformation Monitor [Terrasat DataReceiver]

0,01
0,008

0,008 ¥ — A Easting
0,007 | — 4 Height
0,008 b 20

0,001

0,002
0,003
0,004
-0,005
-0,006
-0,007
-0,008
-0,008
-0,01

Displacement Paint 401plus [m]

05.03. 23:39 06.03. 13:33 07.03. 03:26 07.03. 17:18 08.03. 07:13

. Local Time (05.03.2011 - 08.03.2011)
07.03.11:1% 0,012
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Past Processing Engine [241] ) Deformation Monitor [PPE 24h] - Displecement Chart (]
= o I~

Station: | v| [ Refresh |

Post Processing Engine [24h] \ Deformation Manitor [PPE 24h]

0,008 ¥ 4 4 Northing
0,006 | & 4 Easting
0,004 v/ @ 4 Height
0,002 - 420
# 43D
: e e e — = s

-0,002
-0,004
-0,008
-0,008
0,01
-0,012
£ -0,014
-0,016

placementStation Bahnhafsstrafie [m]

06.02. 08.02. 10.02. 13.02. 15.02. 17.02. 20.02. 22,02, 24.02. 27.02. 01.03. 03.03. 05.03.
21.02:0.013 Local Time (05.02.2011 - 08.03.2011)

Terrestrial Engine RT [Terrasat Data Receiver] | Deformation Monitor [Terrasat Data Receiver] - Current Displacements and Velocities x|
Status  PointName / ANorthing [m]  AEasting[m]  AHeight[m]  A2D([m] 43D [m] 3ol Northing Jm]  3-0 /A Easting [m] JolhHeightm]  3-0A20[m] 3-oA3D[m]

[ -0.00Tm 0.007T m 0.005m 0.007 m m im Om 0.01Zm
A 400 0,000 m 0,000 m 0,000 m 0,000 m 0,000 m 0,000 m m 0m 0m 0,000 m
J 0.001 m 0,002 m 0.004 m 0.004m 0.014m 0.013m 0.013m 9m 0023 m
'y 40 0.000 m 0,000 m 0,000 m 0.000 m 0.000m 0.000m m 00 m Im 0,000 m
) -0,002 m 0,000 m 0,004 m 0,004 m 0013m 0017 m 0.016m 21m 0,027 m
A 402 0,000 m 0,000 m 0,000 m 0.000 m 0.000m 0.000m 00 m 000 m Im 0,000 m
) 700m 0.013m 0,005 m -0.003m 0.014m 0.032m 0.023m ),028m Bm 0.04%m
J 0001 m 0,007 m 0.005m 0,008 m Om ),007 m 0013m 0.015m
(2] Wachterhof 0.022m 0015 m 0,008 m 0026 m 0.027m 0.013m 0.049m 040m 0.053m 0,066 m
4 [ »

Hinh 2.11. Giao dién Modul Deformation Monitor

2.4.5. Modul DEVICE MANAGER

Khi hé théng quan tric két hop gitta toan dac dién tir va dinh vi vé tinh
GNSS, Modul nay l1a cong cu chinh dé quan ly va hién thi cac tram do trong mang
ludi quan tric. Cac may dinh vi khi két hop voi mang luéi s& duoc diang ky cac
thong sé khi thiét dat trong mang. M&i mot tram do GNSS s& dugc dang ky mot
dia chi véi mot modul tén riéng va mot modul xuat dix liéu riéng.
2.4.6. Modul DISKWATCH

Modul nay cho phép quan ly va duy tri lau dai va tu dong kho dir liéu cua
mdi cong viéc (JOB). Phan mém T4D chi c6 duy nhat mot Modul nay ding cho ca
hé thdng, cho phép ngudi ding quan ly 6 cang ciia may tinh trong hé thong.
Modul s& giam sat dung luong ciia & cing may tinh cia tirng may tinh cu thé, gidp
cho viéc giam sét, b6 sung dung luong dugc kip thoi. Khi thiy dung luong bo nha
sap hét hoic tép tin qué cii, hé thong sé& tu dong xda theo tiéu chi cta nguoi van
hanh.
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Device Manager [Terrasat Stations] | GNSS Receiver [Bahnhofstralte] | Storage [T02 30sec] - Status X
File properties:
i Current file: 04010670.T02
Current size: 14326 KB
Current timespan: 08.03.2011 00:00:00 - 15:04:00 <- 23:5%:30
\iitten epochs: 1803
Missing epochs: &
Maximum gap: &
Status: 1809/2820
Disk properties:
Diestination; der-cj 3692 eutrimblecorp.net  C\Users\CEBreuer\Documents\T0Z 30sec'RefData. 11\Month. MariDay 081
Total disk size: 74528 GB
Used disk space: 30.865 GB

Awailable free disk space: 43663 GB (59%)

Hinh 2.12. Giao dién Modul Disk Watch

2.4.7. Modul ALARM MANAGER

Pay 1a modul cdt 18i cua hé théng. khi hé théng hoat dong, cac chi tiéu (gisi
han) duoc dua ra boi mot trong cac modul dén trang thai can bao thi modul nay 1ap
tirc dua ra cac théng diép canh béo. Khi cac trang thai nay thay doi, modul s& 1ap
tirc dua ra cic thong diép canh béo tiép theo. Canh bdo gém nhiéu mirc: dwa thong
tin, nhic nho, bao déng. Bé dam bao thdng tin canh bao, hé théng s& khéng nging
dua ra thong bao cho dén khi ngudi nhan thdng bao c6 xac nhan da nhan duoc

théng bao canh bao.
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Properties 8

l Condit E = ]
Set module filter | Deformation Monstor

| Mlarm condition | Aed for Siope Distance dspiacem v |
t A -

- - Adustment
l = Mﬂﬁdzﬂ 30 velocty
s Alert for 20 displacement
Alarmaction | Alert for 20 velocty
" . Alet for 30 dsplacement
I» Execution Seft 2o for eastng or lateral deplacen
s Alert for easting velocty
Action delay [se | Ne for height deplacement
| Condition status | M’“W‘VM
fornoﬂimgovmdéw&acem

m DLacemd
AeaforSooeDt:meve‘octy
Disarm 20 alarm
Disarm 2D velocty alam
Disarm 30 alam
Disarm 30 velocty alam
Disarm easting or lateral alam
Alarm condibon  [isarm eastng velocty slam
The alarm conditior Disamm height alam
Disarm height veloctty alam
Disarm northing or adal alam
Disarm nothing velocty alam
Waming for 2D displacement

Inms-mrulc Time) lcm luau- lswm-m ]Aomwo [Mhlo-dl(cm ] Message fecer
© O lssus slam sound Urbnown 0311 2000 1. Adet for Shope Dutance duglacem. Delomn. Skope Gatance d. Al O3 11 2008 | ot 1eq (SRIF 30e
o O losun sl sound Urdnowen 03 11 2000 1 MNeat loe Slope Dw o duphacenm  Delomm Shge we 4. A 021 2000 Y not e ~ot g 0211 204 10
© On lesus slarm sound Unknown 0211 2000 1 Aledt for Slope Dis o duglacem. Deloem . Skpe we d. AL OX11 2000 1. not req.  not req 0211 2080 10
©  On losue alamm sound Urbnown 0211 2008 1. Alet for Shope Distance deglacem. Delorm. Skope detance d. A 02112009 1. not req.  not weq o311 2048 10
©  On lowum sl sound Urbnown 0211 2000 1. Alet for Slope Dwtance duglacem. Defomm. Shoe dutance d. AL 02112000 1. not 1eq.  not seq 0211 2000 10
©  On lasue sl sound Executed 02112000 1 Target not four - Daa R NO comect mast. rot 1eq.  not 1o o311 208912

A 10

Hinh 2.13. Giao dién Modul Alarm Manager

2.4.8. Modul GEOTECH MONITOR

Modul nay thu thap di liéu tir mot hay nhiéu Data Logger Moduls, tinh toan
cac sb hiéu chinh va hiéu chinh cho toan b¢ dit liéu. Khi cac céc gia tri ndy vuot
qué han sai dit trugc, Modul nay sé& hién thi cac gia tri nay I1én man hinh biéu db va
Xuat ra cac canh bao.
2.4.9. Modul GKA STORAGE

Modul nay cho phép nhap cac sé liéu tir nhiéu loai may toan dac dién tir
khac nhau véi cung khubn dang GKA.
2.4.10. Modul INSTRUMENT MANAGER

Modul nay diéu khién toan bd cac Modul Data Collector trong hé thng.
Kiém soat toan bo hé thong va chi ra cac sai s6t trong qua trinh lap dat, cau hinh
cac thiét bi dong thoi giup ngudi ding chinh lai cac sai s6t mot cach dé dang nhat.
2.4.11. Modul REPORT GENERATOR

Modul nay la mot Gng dung dé tao cac bang béo cao — Reports, cong viéc

thudng Xuyén cua cac cong trinh do quan trac. CAc bao c4o nay dua trén khudn
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dang XML cho phép tao ra cac khuén dang khach nhau nhue HTML hoac PDF. Céac
bao céo co thé duoc tu dong tao ra theo lich biéu dit truéc hoic theo yéu cau cua
ngudi st dung trong mot thoi diém nhat dinh.
2.4.12. Modul TEMPERATURE SENSOR

Modul nay diéu khién viéc két ni thiét bi cam bién nhiét d6 gan tai vi tri
clia may toan dac, do va ghi sé liéu nhiét theo don vi d6 C — C°.
S6 liéu do dugc tir cac Sensor nhiét duoc thu, ghi vao co so dit lidu va dugc hiéu

chinh vao két qua do voéi tan suat 1 phat/1 lan.

[=)- 4 Terrestrial Engine RT [Data Receiver Test]
=3 Deformation Monitor [Data Receiver Test]
-4 Terrestrizl Engine RT [Office S8 via IF]

< i

], Temperature Sensor [Terrasat Temperature] L

=4 Deformation Manitor [Office S8 viz IP Rota

r

08.03.2011 14:23:2517.1°C

4 m

i&y Trimble 4D Control e
File View Help
*HBR P E=0 6 0@
Tree ’@l Status | % 4 ) |Properties ;@l
= =§ Temperature Sensor Message
=@ Post Processing Engine [2eeks] »|| oz.02:2011 141510 20.3°C Calncming Comecing ]
i -,,é? ?Ef;rm“'"” :“;‘t’"‘:” g’]PE 2vlesks] 08.03.2011 14:15:21 20.6°C T TCRIF Client
i outer Manager |olandar 08.03.2011 14:16:16 23.8'C ; ; L
%, Router [Office Temp to 4002] 08032011 141722 925 = Lliieiiil TEliE =
=% Synchronizer [Terrasat Stations] .. . ' Server name det-qal16.eu trimblecorp.n
-El.gll'; RTK Engine [Terrasat RTKE] 08.032011 14:181720.3C [l
= Defjrmat\on Monitor [Terrasat RTKE] 08.03.2011 1451552315'5 c Ij‘ort number :SDD I
B ;i[L RTK Engine [VRS3Net 08.03.2011 142018 216°C Automatic reconnect (=
=3 Deformation Monitor [VRS3Net] 08.03.201114:21:24 22.2°C Reconnect delay [sec] 10
1 Temperature Sensor [My Desk] 08.03.2011 14:22:1813.3°C Use IP authentication No il

3

Loaded layout “Default”.

S @09 oIl ¥ 785MB f§ 08032011 142421 [Local Time]

Hinh 2.14. Giao dién Modul Temperature Sensor
2.4.13. Modul TERRESTRIAL ENGINE RT
Modul nay duoc dung dé xir 1y s6 liéu do duoc tir 1 hay nhiéu tram toan dac
dién tir trong clng maot thoi gian. Sé liéu do dén cac diém co so cua cac may trong
mdi vong do (toan vong) s& duoc binh sai bang Modul nay déng thoi tinh toén ra
toa d6 cia cac diém quan trac cho mdi vong do. Két qua tinh toan duogc luu trit

trong co s¢ dit li¢u trung tam.
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Hinh 2.15. Giao dién Modul TERRESTRIAL ENGINE RT
2.5. LAP DAT HE THONG
2.5.1. Thiét bj cho mét tram may chi (Base)

Véi nhitng dap thay dién nho, thuong chi lap dat hé théng quan tric don

gian véi mot tram may do, thiét bi va vat tu phu trg bao géom:
- May toan dac dién tar Trimble S8: 01 bo

- Guong ban dung cho diém co so: 04 bo, Guong quan tric: 25-30 chiéc,

2.5.2.

Guong gidy: 25 to

Cap két ndi céac loai: 01 bo, Thiét bi truyén sb liéu Moxa: 01 bo (Tx, RX),
Sensor nhiét Papouch: 01 bo

May tinh tram HP: 01 bo, Bo cap ngudn UPS: 01 bo

Phan mém diéu khién T4D Total Station Realtime: 01 bo

Lip dat hé thong

May toan dac duoc dat tai bé mbe duoc thiét ké sin véi dinh tdm bat budc.

Pé dam bao cho may van hanh lién tuc va tranh anh huéng cua thoi tiét va bui

nude khi dap xa 1 phai 1am hé théng may che. Sensor nhiét duoc gan ngay canh

tram may.



Hinh 2.16. Tram may chu (Base)
M4y toan dac Trimble S8 duoc két néi véi ngudn dién qua cap ngudn dén bo luu
dién UPS. Cong Serial két néi truc tiép vai thiét bj truyén khéng day Moxa kém

Sensor nhiét.

Hinh 2.17. Mdy toan dac va cac bé phdn truyén dan
S6 lidu do tir may toan dac, Sensor nhiét dugc truyén vao thiét bi Moxa qua
cong RS242, RS422. Moxa s& chuyén tin hiéu nay sang dang s6 theo khudn dang
GNV. Tin hiéu tir Moxa vé may tinh xir Iy qua hai dang:
- Radio: Lién két séng vd tuyén tan sé 2.4GHz
- Ethernet: Lién két mang theo giao thac TCP/IP

Phan mém T4D sé& kiém tra va tu dong nhan IP riéng biét ciia may toan dac

l
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va Sensor nhiét qua ca hai giao thuc trén.

Hinh 2.18. So do lién két tai tram xa 1y trung tam
Tai trung tdm xtr Iy, may tinh cai phan mém T4D va thuc hién thao tac két
ndi véi ting thiét bi theo dia chi IP dit trudc. Tién hanh dit cac thong s6 cho may
toan dac bao gom tén diém co s, tén diém quan trac. Tién hanh ngdm lan luot dén
cac diém do va gan nhan tén cho tung diém. Chay Modul Data Collector va
Temperature Sensor dé diéu khién viéc cau hinh va do ngam.

Hé thdng sé& chay tu dong Modul Deformation va Report/Alarm.



44

Chuong 3
THIET KE XAY DUNG HE THONG TU DONG QUAN TRAC TAI CAC
CONG TRINH THUY DIEN
3.1. THIET KE HE THONG LUGI QUAN TRAC CHUYEN DICH NGANG
3.1.1. Nguyén tic xdy dung lwéi quan tric chuyén dich ngang cong trinh

Chuyén dich ngang cong trinh dugc xac dinh trén co s so sanh toa do cac
diém quan tric gin trén cong trinh & 2 chu ky quan trac khac nhau. Nhu vay dé
thie hién quan tric chuyén dich can phai xdy dung mot mang luéi khong ché vai 2
loai diém mdc:

- Hé thé)ng mbc loai 1 duge xay dung tai cac vi tri ¢6 dinh bén ngoai pham
vi anh huong chuyén dich cua cong trinh, cac mdc nay co tdc dung l1a co so toa do
gbc cho toan bd cong tac quan trac va dugc goi 1a moc khdng ché co sé. Yéu ciu
d6i voi diém moc khéng ché 1a phdi c6 vi tri én dinh trong sudt qud trinh quan
trdc.

- Hé thdng mdc loai 2 14 cac mdc gin trén cong trinh, ciing chuyén dich voi
dbi trong quan tric va duoc goi 1a mbe chuyén dich (mébc quan tric).

Hinh thirc mdc trong quan tric chuyén dich ngang dugc thiét ké phu hop voi
dic diém cua tung loai cong trinh cu thé, tuy nhién diéu bt budc 1a cac mde d6
déu phai c6 két cdu thuan tién cho viéc dit thiét bi do va bao dam han ché sai sb
dinh tim may cling nhu bang ngam & gii han cho phép.

Trong mdi chu ky quan trac can thuc hién céc phép do dé xac dinh vi tri
tuong d6i giita cac diém mébc khong ché nham kiém tra va danh gia do on dinh cia
cac moc d6, nhu vay sé tao thanh mot bac ludi duoc goi 14 liedi khdng ché. Po hinh
do nbi gitta hé thong mdc quan tric véi cac mbc khong ché tao ra bac luéi thir 2,
duoc goi 1a bdc luoi quan trdc. Gitta 2 bac ludi néu trén c6 thé xay dung thém mot
sb bac trung gian, tao thanh mdt h¢ théng lu6i nhiéu bac. Tuy vay, véi cac thiét bi
do dac nhu hién nay thi ap dung ludi 2 bac 1a phu hop va bao dam tinh chat ch€ so
v6i ludi ¢6 s6 bac nhiéu hon.

Giai phap hop 1y va c6 hiéu qua kinh té 13 thanh 1ap mang ludi khdng ché co
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sO v6i cac mbe chon nong. Ap dung cac bién phap do va xtr Iy s6 liéu thich hop dé
danh gia mac do chuyén dich cua cac mbe trong ludi, trén co s¢ do lya chon céc
mdc 6n dinh dé 1am co s toa 6 gde cho toan bd cong tac quan tric. Bac ludi quan
tric dugc xay dung nhu luéi phu thudc, trén co sé s6 liéu do dac tién hanh binh
sai, tinh toan toa dd cac mdc quan tric va cac tham sb chuyén dich bién dang cong

trinh.

A Reference Point

. Control Point

= GPS Baseline

.-

i aaes ~SS
l i

e s(‘;,}:- DR — ”a'_'_i:,
APy oo z'iﬂﬂl“!"

Hinh 3.1. So do lwéi co s6, ludi quan trac mot cong trinh thiy dién

3.1.2. Nguyén tic thiét ké lwoi

Pbi tugng dé quan trac 13 nhitng cong trinh chiu ap lyc ngang mot phia va rat
nhay cam véi bién dang, Khi d6, nguoi ta dac biét quan tam dén chuyén dich theo
huéng ap luc. Vi vy, dé co thé phat hién duoc chuyén dich cong trinh thudng yéu
cau sai sO vi tri diém theo hudng ap luc ciia cac diém quan tric khong vuot qua
mot gia tri nao d6. Trong quan tric chuyén dich va bién dang, ngoai yéu cau vé do
chinh xdc con dit ra yéu cau vé mat thoi gian, tic 1a trong khoang thoi gian ngan
nhat can cung cap chinh xac va kip thoi cac thong tin vé bién dang cong trinh. Doi
v6i ludi quan tric chuyén dich ngang cong trinh, viéc thiét ké chon diém bi chi
phéi nhiéu khong nhitng boi diéu kién dia hinh, ma con boi dic diém, yéu ciu k¥

thuat va dang hinh hoc cua timg loai cong trinh. Pac diém nay cho thdy it co diéu
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kién dé chon dugc mot d6 hinh tdt khi thiét ké ludi. Vi vay, can co cac bién phap
dé nang cao do chinh x4c hoac dat dugc hi€u qua cua ludi thiét ké.

Thuc té cho thay c6 mot sé mo hinh thiét ké t6i wu ludi quan trac chuyén dich
Sau.
-Thiét ké t6i vu gia thanh: Yéu cau ludi co6 do chinh x4ac cho trudc véi gia thanh
nho nhét. Bién s thiét ké duoc chon 1a cac dai lugng do trong ludi. Pau tién, cin
cr vao ban dd va thuc dja dé xac dinh tap dai luong do co thé gifra cac diém ludi.
Nhiém vu ctia nguoi thiét ké 1a chon ra nhiing dai lugng do trong sb cac dai luong
do c6 thé sao cho mang ludi dugce tao thanh tir nhitng dai luong do da chon vira
thoa man do chinh xac yéu cau vira c6 kinh phi do thap nhat hoic thoi gian do it
nhat.
- Thiét ké t6i wu thoi gian quan trac: Doi hoi ludi dat do chinh xac cho trude voi
chi phi thoi gian it nhat.
- Thiét ké t6i wu @6 chinh x4c ludi: Doi hoi ludi c6 d chinh xac cao nhat véi chi
phi lao dong, tho1 gian, kinh phi cho trudec.
3.1.3. Yéu ciu @9 chinh xéc cac bac lwéi

Co s dé tinh toan d6 chinh xdc cac bac ludi trong quan trac chuyén dich

cong trinh 13 yéu cau dé chinh xdc xdac dinh chuyén dich ngang (Mg), thong thudng
gia tri mg phu thudc vao mot sb yéu td nhu diéu kién dja chit nén mong, dac diém
két cu, ché d6 van hanh cong trinh. Do luwéi quan tric chuyén dich céng trinh
thudng cd yéu cau rat chit ché vé do chinh xac, vi vay khi udc tinh can phai ap
dung tiéu chuan sai sé theo huéng dé dic trung cho d6 chinh xac ctia bac ludi quan

trac. Sai s6 vi tri diém theo hudng cho trude (9) duoc tinh theo cong thirc:

m, = uJE.cos’ g + F.sin? ¢ (3.1)

Trong d6 E, F 1a cac ban truc 16n va nhé cua Elip sai s6:

-Ban truc 16n:

_ :ﬂ\/Qxx < +J(Qxx —Qyi)2 +4Q},
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-Ban truc nho:

~ 2 2
F:ﬂJQXX +Qyy _J(Qxx Qu)? +403, 02
2 4
-Hudng cta ban truc 16m (o):
Tan(2a) = Ry
Qxx _ny

Duya vao yéu cau dg chinh xac xac dinh chuyén dich dé xac dinh yéu cau do
chinh xac doi vo1 cac bac ludi theo trinh tu sau:

Truong hop 1: Khi yéu cau d6 chinh xéc mq dugc cho la sai sb theo hudng, khi do6

d6i voi diém quan trac thir i chung ta co:

m
Q
mf <= 3.3
G (3.3)
Va ly chi tiéu do chinh x4c chung cho toan bé mang luéi tir diéu kién:
Max(m;”,mJ ¢)<—mQ (3.4)
ax(m;,m5,...m7) < :
101112 n >

Truong hop 2: Khi yéu cau do chinh xac mq dugc cho 1a sai s6 ctia vector chuyén

dich, khi do trudc hét ching ta phai xac dinh sai s 16n nhat déi véi di€ém quan
trac, hién nhién 1a sai s6 16n nhat tai moi diém s& bang ban truc 16n cua elip sai s
tai diém do6. Ki hi¢u E; 1a ban truc 16n cua elip sai s6 tai di€m i, chung ta s€ c6 di¢u

kién:
m
Max(E;,Ey,...E) < —2 (3.5)
1 =2 n \/E

2. Xac dinh sai so cac bac lwoi
Trong hé thong ludi cé n bac véi hé s6 giam do chinh xac gitra cac bac ludi
la K, sai s0 tong hop cac bac ludi 1a mp thi sai s bac ludi thir i dugce xac dinh theo
cong thuc:
i-1
mp .K

m, =
J1+Kk2 4.+ k20D

(3.6)
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3.2. KET CAU MOC QUAN TRAC CHUYEN DICH NGANG

Mbc co so duge dat ngoai pham vi chuyén dich ngang cua cong trinh, tai
nhiing noi c6 diéu kién dia chat 6n dinh. Trong mdi chu ky quan tric phai kiém tra
su 6n dinh cua cac mdc co sé. Néu phat hién théy mdc co sé bi chuyén dich thi
phai thuc hién hi¢u chinh vao két qua do cua cac méc quan tréc.

Mébc quan tric dugc gan trén cong trinh tai nhitng vi tri can theo ddi chuyén
dich. Két cdu mbc phai duoc lya chon can than dé bao dam do bén viing, co thé
bao quan lau dai va thuan lgi cho cho viéc dat thiét bi quan trac.

3.2.1. Két cau mdc khong ché co sé

Trong quan tric chuyén dich ngang thudng sir dung loai méc cot co két cau
dinh tdm bat budc, loai mdc nay cho phép thuc hi¢n dinh tdm may va ti€u ngém
voi d6 chinh xac cao. Trén hinh 3.2 va 3.3 dua ra mot s6 ban v& két cAu va hinh
anh loai mdc cot dang duogc sir dung dé quan tric nhiéu cong trinh thay dién & Viét
nam.

Déi voi nhitng coéng trinh ¢6 yéu cau do chinh xac quan tric khong cao, cd
thé sir dung loai cic loai mbc chon chim véi 16i mdc duoc gia cong bang hop kim

thép khong gi va c6 khic vach chir thap dé danh dau vi tri tim méc.

BAN VE KET CAU MOC KHONG CHE CO SO

mat bich 6=18,0=230 40

=1
—1

I_II
[20:1 z

_-'}E/'— r Langvia ximéng
o . L§f M75 dayth=3 cm
éngthép ¢ 219 &1 | 2@y hmatil
$=10,L=500 “1: 1 B2 thng M50 day 10 cm
R Dt turnhign
A1 g
_I‘.IEI:;,.;4 =] 55 rl% 55

[=
)

L
AU HE
- e
Loy X : L.
-
.

yptdcn] 0
=70 |4

batong 150 b, %

A 3.2. Ban vé ket cau moc co su
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3.2.2. Kitre 3uBnrdinfuask tmde cor bé t6ng ong sdt tai cong trinh thiy dién

Déi véi cong trinh dan dung, mbc quan tric dugce dit theo chu vi cua cong
trinh, cc mdc cach nhau khong qua 20m, ¢ nhiing vi tri chiu 4nh hudng 16n ctia &p
lrc ngang thi khoang cach giita cac mdc 1a 10+15m.

Ddi v4i cong trinh cong nghiép, phan bd mbc quan tric tuy thudc vao loai
mong cong trinh, méng bang lién khéi: cac mde dat cach nhau 10+15m, méng coc
hodc khéi: trén mdi khéi mong dugc dat khong it hon 3 mdc.

Tai cac dap thuy loi, thuy dién, mdc quan tric dugc bd tri trong duong ham
than dap, doc theo cac tuyén co va dinh dap, néu la dap dét da thi khoang cach gitra
cac moc khoang 15+50m, con ddi véi dap bé tong thi tai mbi khdi bé tri tir hai mbce

tro 1én.

HMim thity chusn
[chi it B

fng thep & 168
6=10,=300

mat bich 6=18,0=174

PG CIH
[=1200

LRI YT

Lol

Hinh 3.4: Méc quan trdc dang cét bé téng ong sit
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3.3. THANH LAP LUOI MAT BANG QUAN TRAC CHUYEN DICH NGANG
CONG TRINH THUY DPIEN

3.3.1. Lwéi khong ché co sé

1. Phdn bé diém

Cac diém cua ludi khéng ché duoc chon lam co s6 toa do géc cho viéc xay
dung va tinh todn mang ludi quan trac. Ngoai yéu cau chon vi tri ¢6 diéu kién dia
chit 6n dinh, nam ngoai pham vi tac dong cua bién dang cong trinh, cac diém
khéng ché co sé duge chon tai nhiing noi co6 dia hinh thuén lgi cho viéc dat may va
do ngam t6i cac diém quan trac. Véi nhiing cong trinh doi héi quan tric chuyén
dich véi d6 chinh xac cao thi cac mdc khéng ché co s& duge thiét ké theo dang
dinh tdm bat budc. P6i voi cac cong trinh thuy dién, cac mbc khdng ché co so
thudng duogc b tri & hai dau dap va hai bén bo song vé phia ha luu.

2. Céu triic hinh hoc cia ludi

Dé bao dam do chinh x4c cao cta cong tac quan tric, dd hinh cta ludi khéng
ché duoc thiét ké duéi dang tam giac day ddc. Trudc ddy, khi phuong tién do chiéu
dai con han ché, cac mang lu6i khong ché thuong duoc xay dung dudi dang ludi
tam gi4c do goc voi mot s canh day dugc do chinh xac bang thudc day invar.
Luoi tam giac do goc c6 mat s6 nhuge diém, cu thé 13 kho chon vi tri dé do canh
day, ludi c6 do chinh xac khong cao, thoi gian thi cong lau. Hién nay, nho nhiing
tién b vuot bac trong cong nghé do dai dién tr nén mang ludi khdng ché thuong
xay dung dudi cac hinh thirc ludi tam giac do canh hodc do goc- canh.

Trong qué trinh thiét ké cdc mang ludi gbc-canh ludn gip va phai giai quyét
van dé xac dinh twong quan hop 1y giira sai s6 do goc va sai s6 do chiéu dai trong
ludi, diéu nay khong nhitng gitp x4y dung duoc mang ludi v6i sai s6 déng déu ma
con ¢ ¥ nghia vé hiéu qua kinh té.

Nhiéu két qua nghién ctru, khao sat van dé nay di chi ra rang, tuong quan

hop 1y nhat giita sai s6 do goc va do chiéu dai trong cac mang luéi do goc- canh la:
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m m
s o F (3.7)
S p
Trong d6 mg, Ms 14 sai s6 do goc va do chiéu dai trong ludi.
Trong moi trudng hop, khi thiét ké cac chi tiéu d6 chinh x4c do trong mang
ludi goc-canh, can chu y bdo dam diéu kién:

m
1 0.0 4 (3.8)
3 p S

Néu diéu kién (3.8) khong duoc dap ung thi khi d6 chi nén sir dung phuong
phap do goc hay do canh riéng biét, tuy thudc vao dai luong nao nho hon mg/p hay
ms/S.

Hién nay voi nhitng tién bo cta cong nghé dién tir, trong thanh lap luéi tric
dia cong trinh thudng st dung mdy toan dac dién tir voi cac thong sb ki thuat khac
nhau. St dung may toan dac dién tir trong thanh 1ap ludi cho hi€u qua cao, ca vé
thoi gian, dd chinh xac va gia thanh cong trinh.

3.3.2. Lw6i quan tric

Chuyén dich ngang cong trinh dugc xac dinh trén co s¢ so sanh toa do mbc
quan tric ¢ cac thdi diém (chu ky) do khac nhau. Trong mdi chu ky thuong xay
dung mot bac ludi trac dia lién két cac mdc quan tric, mang ludi nay dugc dinh vi
theo hé toa d6 cta ludi khéng ché co so. Tuy thude dia hinh thue dja va dic diém
két cau cong trinh, c6 thé thanh 1ap ludi quan tric bang cac phuong phap tam giac,
da giac, giao hoi hodc ludi do huong chuan.

1. Phwong phap tam gidc

Phuong phap tam giac (v6i cac d6 hinh do goc, do canh hodc do gbc-canh)
thuong dugc Gmg dung dé quan tric chuyén dich ngang cua cac cong trinh xay
dung & ving doi ndi nhu cac dap thuy loi- thuy dién, cong trinh cau, duong.... Cac
mdc quan trac dugc bd tri ¢ nhimg vi tri didc trung clia cong trinh, c6 két cdu thuan
tién cho viéc dit may, guong hodc bang ngam. Dé do cac yéu t6 (goc, canh) trong
lu6i co thé st dung may kinh vi hoac toan dac dién tir chinh xac cao. Ludi quan

trac duoc tinh toan binh sai theo phuong phéap chit ché dé bao dam do tin cdy cia
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két qua.

Luéi quan tric dugc xay dung theo hinh thic tam giac thuong 13 mang ludi
day dac véi dd hinh rat chat chg, cho phép xéac dinh toa do cac diém trong ludi vot
dd chinh xac cao. Tuy nhién, do $6 lugng tri do trong ludi tam giac thuong 1a 16n
nén viéc do dac trong mang ludi cling ton nhiéu thdi gian, cong stic va cac chi phi

khac. Trén hinh 3.3 néu vi du vé mot mang ludi quan tric chuyén dich cong trinh.

C

A A

W)

................. E
Hinh 3.5. Ludi tam gidc trong quan trdac chuyén dich ngang

2. Phwong phap da gidac

Phuong phép da gidc dugc sir dung dé quan trac chuyén dich ngang cua
nhimg cong trinh c6 dang hinh cung nhu cac tuyén dudng, him giao thong, tuyén
dap dang vom. Trén mdi tuyén quan trac xay dung 1 dudng chuyén qua cic méc
gén tai cong trinh, ¢ hai dau dugc dya trén 2 diém khéng ché co s& va do ndi it
nhat 2 phuong vi gbc. Po goc, canh trong tuyén da gidc bang mdy toan dac dién tir

chinh xac.

QT1
Tuyén da gidc d€ quan trac chuyén dich ngang cong trinh thuong (5;16)4 dang

gan véi dudngichuen Sk thisegma sdivirtonederdione giripgénhy thude vao

sai s0 do goc mg, sai s0 do canh ms, di€ém yéu nhat (sau binh sai) s€ la diém nam ¢
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giita tuyén.
3. Phwong phap giao hoi

Cac dang ludi giao hoi (giao hdi goc, giao hdi canh va giao hdi géc- canh)
c6 thé dugc ap dung dé quan tric chuyén dich ngang cong trinh mot cach hiéu qua.
Lu6i giao hoi d& phu hop v6i nhiéu dang dja hinh, nhiéu loai cong trinh va trién
khai thi cong thuan tién bang cac loai may toan dac dién tir. Khi thiét ké phuong an
can can nhic, lya chon dd hinh giao hoi phu hop, dé vira bao dam cac yéu cau ky
thuat quan tric, vira dat hiéu qua kinh té cua cong viéc. Trong ludi giao hoi, may
do dugc dit tai cac diém khéng ché co sd, tiéu ngém (hodc guong) dat tai cac mdc
quan tric. Tl cac diém ludi khong ché tién hanh do cac yéu t6 can thiét (goc hoic

canh) dén tat ca cac diém quan trac trén tuyén.

ors 0T9

oOT2 R

Hinh 3.7. So dé ludi quan trdc theo phwong phdp giao héi
Dua vao toa do cta cac diém quan tric & 2 chu ky do khac nhau dé tinh gia
trj va hudng chuyén dich. Néu ky hiéu: X, X0 YO YO _ toa d6 ctia diém N tinh
dugc & chu ky i va j; Qx, Qy- chuyén dich cia diém N theo truc OX, OY; Q, a- gia
tri va huéng cua chuyén dich toan phén thi cac tham sb chuyén dich cua diém N
dugc tinh theo cong thirc (3.9):

Q, =Xx®_x® )
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Q, —y O _y
Q=Qf +Q; o
o= Arctg&

X
4. Phwong phdp hwéng chuin
Huéng chuan qua hai diém 1a mat phang thang dimg di qua hai diém do.

Trén hinh 3.7 thé hién mit phang dtng P 13 huéng chuan qua 2 diém A, B.

(D1~

Hinh 3.8. Khai niém vé hiréng chudn

Do 1éch hudéng cia diém (i) so voi hudng chuan 1a khoang cach tir diém (i)
dén huéng chuin (mit phang thiang dung). Ciing trén hinh 3.7: diém 1 c6 d6 léch
huéng 81, do 1éch huéng cua diém 2 1a §,. Theo quy uwde, do 1éch hudng vé bén
phai mat phang P mang dau (-), léch vé bén trai mang dau (+).

Cong tac tric dja thuc hién v&i muc dich xac dinh do l1éch huong cua cac
diém quan tric so voi mit phang thang dimg qua 2 diém co so duoc goi 1a do
huéng chuan. Thyuc té phuong phap huéng chuin duoc 4p dung trong nhiéu linh
vuc trac dia cong trinh: trong dinh vi cong trinh, trong do v& hoan cong, trong do

chuyén dich ngang cac cong trinh dang thang.
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Trong phuong phap hudng chuan thudng ldy truc hoanh tring véi hudng
chuén va tryc tung vudng goc voi nd. Chuyén dich ngang mot diém cia cong trinh
1a sy thay doi tung do cua diém d6 trong cc chu ky quan tric khac nhau.

Gia dinh i 13 diém quan tric, & chu ky 1 ¢6 vi tri iy v6i d6 1éch hudng §1va &

chu ky 2 ¢6 vi tri iz v&i d6 1éch hudng 62 (hinh 3.9):

Y Qx
‘ i1 02
o1 Qv
O X A & B

Hinh 3.9. Xdc dinh chuyén dich ngang theo huwdéng chudn

Khi d6 chuyén dich cta diém i theo hudng vudng goc voi hudng chuan goc
AB duoc tinh theo cong thurc:

Qy =06,-0; (3.10)

Phuong phép hudng chuin cé vu diém 13 don gian, d& thuc hién va cho do
chinh x4c cao, tuy nhién nhugc diém cua phuong phap quan trac nay 1a chi cho
phép xac dinh chuyén dich theo mot hudng (vudng goc véi hudng chuan).
3.4. XAY DUNG LUOI MAT BANG QUAN TRAC CHUYEN DICH NGANG
VOI UNG DUNG HE THONG QUAN TRAC TU PONG
3.4.1. Phwong phap quan tric tir mt tram may

Co s6 Iy thuyét ciia phuong phéap nay 13 toa d6 diém 1,2 va phuong vi o2 dé
duogc xac dinh tir ludi khong ché co sé. Toa d diém C di cho trong thiét ké.

Diém C dugc bd tri & thuc dia bang cach dung goc B va chiéu dai ngang 1. B

va 1 duoc tinh tir s6 li€u cho trudc va theo cac cong thirc:
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a,c = Arctg e N
Xe =X
B=a,-a. (3.11)

S =X - Xl)z +(Ye - y1)2

Hinh 3.10. Phuong phap toa dé cuc

Phuong phap quan tric tir mot tram may thuc chat 13 phuong phap toa do
cuc va khong co tri do thtra do d6é do tin cay khong cao va cé thé dan t6i sai 1am.
Tuy nhién voi cac thiét bi toan dac c6 do chinh x4c cao nhu hién nay ngudi ta van
thuc hién phuong an nay khi két hop véi cong nghé GPS, con véi phuong phap
quan tric tu dong bang may toan dac nén st dung phuong phap quan tric tir hai
hay nhiéu tram may.
3.4.2. Phwong phap quan tric tir nhiéu tram may

Dé thém tri do thira cua tri do ngudi ta thuong dung phuong phép quan tric
tir hai hay nhiéu tram mdy ciing mot thoi diém. Thuc chét cia phuong phap nay 1a
phuong phap giao hoi. Co sd 1y thuyét ciia phuong phap nay 1a xét diém quan tric
P dugc xac dinh bang mot trong 3 phuwong phap giao hoi don 1a giao hoi goc, giao
hoi canh va giao hoi goc- canh (hinh 3.11). Ky hiéu sai s6 do goc 13 mg, con sai s6
do cac canh S; va S, 14 ms; va ms; twong tng. Khi d6 cac cong thic tinh sai sd vi

tri diém P d6i voi timg trudng hop giao hodi nhu sau:
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X A
O > v
Hinh 3.11: D6 hinh giao héi
- Truong hop giao hdi goc
m
mp =—2—/S2+52 (3.12)
p-Sin(y)

- Truong hop giao hoi canh
mp = Snt7) JmZ, +mé, (3.13)

- Truong hop giao hdi goc-canh

Mp.Mp

JmZ +mg

Mp = (314)

Trong d6: m’p va m”p 1a sai s0 vi tri diém P, dugc tinh riéng &€ cho d6 hinh

giao hoi goc va giao hoi canh.

Khi diém P duoc xac dinh bang phuong phép giao hoi tir hon 2 diém khéng

ché co s6, ky hiéu N 1a sb luong tat ca cac tri do, K 1a s6 tri do tdi thiéu (trong ludi

giao hoi K=2), khi d6 c6 thé tinh gan diing sai s6 trung phuong vi tri diém giao hoi

theo cong thuc:

M ~ MO\/% (3.15)

Trong cong thuc (3.15) M, 1a sai s6 trung phuong vi tri diém giao hoi (P),

tinh dugc khi N=2.

Nhiéu két qua khao sat 1y thuyét va thuc nghiém cho thay twong quan do
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chinh x4c giira cac d6 hinh lu6i giao hoi goc, giao hdi canh va giao hoi goc- canh
nhu sau:

- Khi chiéu dai canh ngén thi d6 chinh x4c ctia giao hoi goc va giao hdi canh
la twong duong.

- Khi chiéu dai canh ting 1én d6 chinh xac cta ludi giao hoi goc giam rat
nhanh so véi ludi giao hoi canh, déng tho1 d0 chinh xdc cua giao hoi goc- canh
cling khong tang nhiéu so véi giao hoi canh.

Tur nhitng phan tich trén c6 thé nhan thiy: véi cac mang ludi c& vira va 16n
(chiéu dai trong ludi giao hdi dao dong trong khoang 300 + 1500m) thi ap dung
giao hoi canh 1a c6 loi nhat.

3.5. UOC TINH PO CHINH XAC LUGI QUAN TRAC

Pé udce tinh do chinh xac ludi quan tric mat bang can phai 4p dung phuong
phap udc tinh chit ché trén co sd bai toan binh sai gian tiép. Theo phuong phéap
nay quy trinh udc tinh dugc thuc hién theo cac budce sau:
Budce 1: Chon an sb (1a cac dai luong can xac dinh) trong ludi: an s trong ludi mat
béng 1a toa d6 (hodc s6 hiéu chinh toa do) cua cac diém can xac dinh.
Buoc 2: Lap ma tran hé sb (A) cta hé phuong trinh sb hiéu chinh:

AoX +L=V (3.15)

Trong hé phuong trinh (1): ma trin A ¢6 s6 hang bang sé dai luong do, sb
cot bang sd 4an sd.

Xéac dinh ma tran trong sb cua vector cac dai lugng do:

P=u?K™ (3.16)

Trong do6: K 1a ma trén twong quan gitra cac dai luong do.

Trong ludi quan trac chuyén dich ngang c6 3 loai tri do 1a tri do goc, tri do
canh va tri do phuong vi:

1.1. Phuong trinh s hiéu chinh huéng (hinh 3.12)

Kk
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Vi = =02 +ay Xy + by iy —ay X — by dy; + (3.17)
Trong do:

8zi - 56 hiéu chinh goc dinh huong

aik :L —Sinaik (318)
bi ) Sik \ Cosayy
S6 hiéu chinh 8z; duoc khir theo quy tic Schreiber bang cach 1ap phuong

trinh tong doi v&1 moi tram do.

2. Phuong trinh s hiéu chinh goc (hinh 3.13)

I
Hinh 3.13. Géc do trén tram may

Vh= aijéx,-+bijByj-aikéSxk-bikESyk+(aik-aij)Sxi+(bik-bij)éiyi+In (3.19)
Trong do:

Ak |_ P —Sinay ). ( & __P — Sing;; (3.20)

bi ) Sy \ Cosay )'( by ) Si;( Cosai; '

3. Phuong trinh sb hiéu chinh canh (hinh 3.14)
: K

Hinh 3.14: Canh do
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Vik=aikdXk+DikdYk-aikdXi-DikdYitlik (3.21)
Trong do:
aik _ — Sinaik (3 22)
bik COSaik .

Buoc 3: Lap ma tran hé $6 (R) ctua h¢ phuong trinh chuén:

R=ATPA (3.23)
Buoc 4: Tinh ma tran nghich dao

Ma tran nghich dao Q = R ¢6 tac dung dé thuc hién bude danh gia d§ chinh
xé4c cac yéu to trong ludi va duoc xac dinh tir giai hé phuong trinh ma trin RQ=E.
DPéi voi ludi tu do, thay cho ma tran nghich dao Q can su dung ma tran gia nghich
dao R™, dugc tinh theo cong thurc:

R =(R+CP,CT)*-TP,'TT (3.24)
Véi:

T=B(C'B)™ (3.25)
Bude 5: Tinh céc chi tiéu sai sb cua ludi:

Truong hop tong quat, udc tinh ludi duoc dua trén cong thirc sai sb trung

phuong cua ham so0 sau binh sai:

_— E (3.26)

Trong cong thire (13): p 1a sai sb trung phuong don vi trong sé (dic trung
cho d6 chinh x4c do chénh cao), con 1/Pk 1a trong sé déo cua ham sé (dic trung
cho d6 hinh ludi).

Piz £TOf hoic Piz TR f (3.27)

F F

Sai s6 trung phuong an s6 dugc tinh theo cong thic:
My = 1,/ Qji (3.28)
3.6. KHAO SAT VI TRI PAT TRAM MAY CHU

Trong thyc t€ quan trac cong trinh dap thuy dién, cac diém moc cua ludi co
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s¢& thuong dugc bd tri tai hai dau tuyén dap va mot s6 diém tai phia ha luu. Mot sb
cong trinh con thiét ké thém mot sé diém trén thuong luu. Pé dua ra phuong an tdi
vu khi 1dp dat tram may chu tai céng trinh chung t6i tién hanh khao sat d6 chinh
xac quan tric cho mot cong trinh thiy dién 1ay tir thuc t& san xuat & Viét Nam véi
3 phuong 4n bé tri tram may chu 1a: Phuong 4n hai tram may chu tai hai dau tuyén
dap (PAl), phuong an hai tram may chu tai hai bo phia ha luu dap (PA2), phuong
an bd tri mot tram tai dau tuyén dap va mot tram phia ha luu (PA3). Uéc tinh do
chinh x4c cho cac phuong an néu trén bang phan mém tinh toan chuyén dung theo
thuat toan va quy trinh da néu ¢ muc 3.5.

Pé quan tric tuyén dap cong trinh thuy dién dugc lay 1am vi du da thiét ké
04 diém khéng ché co s& (hai diém ¢ hai dau tuyén dap va hai diém & phia ha luu),
trén tuyén dap da thiét ké 1ap dat 10 diém quan tric (hinh 3.15). Du kién sir dung
hé théng quan tric tu dong bang may toan dac Trimble S8 vé&i cac thong sb do
chinh x4c do dac: sai s6 do goc mg=1", sai s6 do canh ms= 1+Ippm. Két qua udc
tinh d6 chinh xac dugc dua ra trong Phu luc 1, 2, 3. Trong bang 3.1 trinh bay tom

tat két qua so sanh dg chinh xac vi tri diém doéi voi cac phuong an.

0T10

oT2
Hinh 3.15. So dé luéi quan trdc theo phirong phdp giao hii

Bing 3.1: So sanh d6 chinh xdc vi tri diém ciia 3 phwong an

S6 Tén Toa d) Sai s6 vi tri diém (m)
TT | diem | xX(m) | Y (m) PA1 PA2 PA3
1 M1 2251.62 | 6994.97 | 0.0013 | 0.0013 0.0012
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2 M2 2283.33 | 6995.38 | 0.0014 0.0013 0.0013
3 M3 2319.96 | 6998.35 | 0.0014 0.0014 0.0014
4 M4 2330.58 | 6998.27 | 0.0014 0.0014 0.0014
S) M5 2352.10 | 6998.19 | 0.0013 0.0014 0.0014
6 M6 2387.01 | 6997.96 | 0.0013 0.0014 0.0015
7 M7 2418.56 | 6997.79 | 0.0012 0.0014 0.0016
8 M8 2440.21 | 6997.61 | 0.0013 0.0014 0.0017
9 M9 2449.73 | 6997.57 | 0.0014 0.0014 0.0017
10 M10 2474.73 | 6997.34 | 0.0014 0.0014 0.0017

Trén co so so sanh do chinh xéc tir bang 3.1 c6 thé rat ra cac nhan xét nhu sau:

1. Sai ¢d vi tri cac diém quan trac trong 3 phuong 4n 13 trong duong nhau va
nam trong khoang tir 1 dén 2 mm. Piéu nay chung t6 hé thong quan tric ty dong
Trimble S8 c6 thé ap dung dugc dé quan tric chuyén dich ngang cua tat ca cac loai
dap thuy dién (hién nay ¢ Viét Nam yéu cau do chinh xac dap bé tong nam trong
khoang tir 2 d¢én 3mm).

2. Vi tri dat tram may chu it chiu anh hudng cua dd hinh ludi, vi vay trong thuc
té tuy theo diéu kién cu thé dé chon sao cho thuén lgi nhat khi trién khai lép dat va

khong bi anh hudng khi dap xa 1.
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Chuong 4
THIET KE LAP PAT HE THONG TU PONG QUAN TRAC CONG TRINH
THUY DIEN YALY
4.1. GIOI THIEU CHUNG VE CONG TRINH THUC NGHIEM
4.1.1. Pic diém két cAu ciia cong trinh thiy dién Yaly

Nha may thuy dién Yaly dugc xay dung trén song S€ San thudc ranh gidi hai
tinh Gia Lai, Kon Tum, 1a cong trinh thuy dién 16n thir hai nudce ta da phat dién céc
t6 may, sau nha mdy thuy dién Hoa Binh ¢ thoi diém hién tai. Thuy dién Yaly co
vai trd quan trong trong viéc phat trién hé théng ning  luong cla nudc ta hién
nay cling nhu trong tuong lai.

Thuy dién Yaly nam trong hé théng dién toan qudc, c6 nhiém vu cha yéu la
cung cap dién cho mién Nam va mién Trung, gop phan lam ting d6 6n dinh va tin
cay cua hé théng dién Quéc gia. Ngoai ra, thuy dién Yaly voi di¢n tich mat ho 16m
co thé phuc vu cho phat trién thuy san, cac muc dich vé du lich, vin hoa khu vuc

mién Trung — Tay Nguyén.

R T ) T DN By W s B e W 5 0 e 3 e e e e b s b0
o

Hinh 4.1. Toan canh nha may thuy dién Yaly
Thuy dién Yaly c6 cac thong s6 k§ thuat cha yéu nhu sau :
- Cong suat may lap : 720 MW.
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- Cong suat dam bao : 227.38 MW.

- Dién lgng trung binh : 3.658 ty KWh/nam.

- Muc n6c dang binh thong : 515 m.

- Muec néc chét : 490 m.

- Dung tich ho chira véi muc nude ding binh thuong: 1.037 triéu m°.
- Luu luong 1ii tinh toan: 14.500 m¥/s.

- Bén té may vé6i cong suat mdi to: 180 MW

- Dién tich mat ho: 54 km?.

Cong trinh thuy dién Yaly da dugc khoi cong xay dung chinh thirc tir thang
11 nam 1993, dén gitta nam 1998 da thuc hién ngan dap, tich nudc ho chira va nam
2000 cong trinh da dugc nghi¢m thu va dua vao sur dung.

Tuyén ap luc cia thuy dién Yaly (gom dap dang, dap tran) 13 mot trong
nhiing hang muc quan trong cia nha may. Pap dang cua thuy dién Yaly la loai dap
da d6 véi 161 gitra 1a 16p dat nén day, vé dang hinh hoc thi day 1a loai dap vom
trong luc voi ban kinh cong R = 400 m. Véi cac thong s kich thude chi yéu nhu
Sau :

- Chiéu dai theo dinh dap: 1190 m.
- Chiéu cao dap 16n nhat: 69 m.

- Chiéu rong chan dap: 250 m.

- Chiéu rong tai dinh dap: 10 m.

Theo mat cat ngang, dap duoc chia thanh 4 bac gém 1 bac ¢ phia thuong luu
va 3 bac ¢ ha luu, mdi bac c6 hanh lang rong khoang 8 - 10 m.

Pap tran xa 1 c6 két cau bé tong cbt thép trén nén da va bao gébm hai phan
chinh 1a: phan tran va phan déc nudc. Pap tran co kich thudc:

- Chiéu dai dap: 191m.
- Chiéu rong: 105m.
4.1.2. Yéu cau ky thuit quan tric
Co quan thiét ké theo yéu cau quan tric dap dang thuy dién Yali gom 32

diém nam trén 04 co dap, mdi co ddp gdm 08 diém dugc dat tén 1an luot tir ml
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dén m32. Méc quan tric dugc thiét ké trén cung mot truc tinh tur tim cung dap, tai
mdi vi tri mbc theo thét ké, ngudi ta gin cing cac Sensor dia ky thuat khac nhu

cam bién ng suat day rung, cam bién d6 nghiéng. .. (hinh 4.2).

e 1 I MAT BANG BO TR CAC MEC QUAN TRAC ( [ 1
CraG TRINH THUY DIEN VALY ¢
- - b
NS 2
Ay

[ \L/-u\_,_/-" -

2. = ||. [

o

f s .H o : _‘ -
E .‘f

N

Hinh 4.2. Luéi quan trdc mdt bang thiy dién Yali
Cac diém moc khéng ché co s& dugc xay dung tai cac vi tri on dinh, thuin
loi cho viéc quan tric truc tiép dén cac diém quan tric gan trén cong trinh. Hé
thong diém khdng ché dugc lién két chat ché, tao thanh mang ludi day dic va két
ciu d hinh virng chic. D& mdc duoc db bang bé tdng méc cao, trén mit xay tuong
vay bdo v€. Than mbec duge lam béng tru sat, mat trén thiét ké 16 dinh tdm bat
budc. Than mdc thuong duoc son hai mau do tréng nhu coc tiéu, s6 hiéu mdc duoc

son ngay trén than moc.
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Hinh 4.3. Hinh anh méc co sé cét sdt dinh tam bdt budc
4.2. HE THONG LUGI MAT BANG QUAN TRAC CHUYEN DICH NGANG
THUY DIEN YALY
4.2.1. Thiét ké cac bac luoi

Lué6i quan trac chuyén dich ngang cong trinh bao gdm 2 béc ludi:

Bac mot 1a luoi khéng ché co s& v6i muc dich 1am co sé mat bﬁng géc cho
toan bd cong tic quan tric.

Bic hai 13 luéi quan tric, cac diém cua ludi nay (diém quan tric) duoc gan
1én cong trinh, nhu vay chuyén dich cta hé théng diém quan tric s& dic trung cho
chuyén dich cua cong trinh.

1. Lwdi khéng ché co sé mit bang

Hé théng mbc khdng ché co sd trong quan tric chuyén dich cong trinh can
phai c6 do 6n dinh cao, do d6 mdc khéng ché phai dat & noi co nén dit on dinh,
nam ngoai pham vi chuyén dich ctia cong trinh, thuan loi cho cong tic do ngam va
phat trién bac ludi tiép theo.

2. Lwdi quan tric chuyén dich

Lu6i quan trac chuyén dich bao gdm hé thong cac diém quan tric dugc gin

truc tiép trén cong trinh va cung chuyén dich voi cong trinh, gia tri chuyén dich

cua cac diém quan trac l1a sy thay doi toa do cua cac di€ém do theo thoi gian va la
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chuyén dich cuc bg cua cong trinh tai vi tri dat mdc. Nhu vay ludi quan tric
chuyén dich thyc chit 1a ludi mit bang, duoc thanh 1ap nhdm muc dich xac dinh
toa d6 cua cac diém (quan tréc) tai tirng thot diém nhat dinh.
4.2.2. Yéu cau d9 chinh xac cac cap luéi

Thong thuong viée xdy dung ludi khéng ché c6 nhiéu bac, nhung dbi véi
quan tric chuyén dich ngang cong trinh dugc xay dung trén hai bac ludi, d6 1a ludi
khéng ché co s va ludi quan tric, tir yéu cau do chinh xac quan tric chuyén dich
ngang tuyén dap (me<5mm) vy cong thic xac dinh sai s6 trung phuong vi tri diém
tong hop ca hai bac ludi.

m,

m, :ﬁ (4.1)

Sai s6 tong hop cua hai bac ludi duge tinh theo cong thirc:

m, =,/m; + mjt 42)

Trong do : Mo : — Sai s6 tong hop cta hai bac luéi.

Mike : — Sai s6 ctia bac ludi khdng ché co s6.

Mqt: — Sai s6 ctia bac ludi quan trac.
Khi d6 gifta hai bac ludi khéng ché lién tiép thi sai sb ctia bac luéi trén chinh 12 sai
s6 sb lidu géc cia bac ludi dudi. Goi k 1a hé sb giam dd chinh xac gitra hai bac
ludi, khi @6 s€ xac dinh dugce do chinh xac cac cép ludi.
- D¢ chinh xac cap ludi khdng ché co s6 :

My

m, = 4.3
ek 43

- B chinh xéc cap ludi quan trac :

m k.m,
1+ k? (4.4)
Vé6i k = 1.8 va yéu ciu do chinh xac quan triac chuyén dich tuyén dap Thuy dién

Yali mg=5mm, suy ra :
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- Sai s6 vi tri diém lu6i khéng ché co so: My = 0.9mm
- Sai s6 vi tri diém lu6i quan trac: Mgt = 3.1mm
4.3. THANH LAP LUGI KHONG CHE CO SO
4.3.1. Phwong an xiy dung luéi theo cong nghé truyén thong
Hién tai ludi co s& duge thiét ké gém 7 mbde va duoc lién két theo dang dd
hinh luéi tam gidc do goc canh (hinh 4.4). Trong cic chu ky quan tric mang ludi

nay duoc do bang may toan dac do chinh xac cao (TC2002/2003).

A Bd Lot Errfus cEf omaN A
CHUTEN Y RN

QT-08 %

==

AOT-09  oempmgorceyovies

Ty Uhro &9 I I000D

Hinh 4.4. So dé lwéi khdng ché quan tric ngang thiyy dién Yaly

Trong mang lué6i thiét ké co 28 goc va 17 canh. Két qua ude tinh thiét ké d6i véi
mang luéi ndy duoc dua ra tromg phu luc s 4, sai s6 vi tri diém néu ra trong bang

4.1.

Bing 4.1: Két qud wéc tinh luéi co s6

S6 |_. ., Toa d Sai s6 vi tri diém (m)
Tén diém

TT X (m) Y (m) Mx My Mp

1 [QT10 1574036.4410 | 805473.4810 | 0.0007 | 0.0012 | 0.0013

2 | QT2 1574554.4980 | 805200.0740 | 0.0008 | 0.0009 | 0.0012

3 | QT3 1574814.6060 | 805458.7390 | 0.0007 | 0.0008 | 0.0011

4 | QT4 1575256.5020 | 805633.1290 | 0.0009 | 0.0012 | 0.0015
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QTS5 1575472.3890 | 805858.8320 | 0.0015 | 0.0018 | 0.0023
QT8 1574507.8680 | 807688.7470 | 0.0010 | 0.0013 | 0.0016
QT9 1574191.3150 | 805794.8650 | 0.0008 | 0.0008 | 0.0012

S liéu trong bang 4.1 cho thiy ludi co s dang dugc ap dung tai thuy dién
Yaly dap tmg duoc yéu cau quan tric bang cong nghé truyén thong.
4.3.2. Phwong 4n xiy dung luw6i theo cong nghé quan tric tw dong

Khi ap dung cong nghé quan tric tu dong ching ta chi cin quan tric tir 2
tram may chu, do vay co thé thiét ké 1 mang ludi co sé véi sb diém it hon. Trong
luan van ndy tac gia da thuc nghiém thiét ké mang ludi co s& gdm 04 diém (bo bt
cac diém QT5, QT8, QT9). So dd ludi theo phuong an thiét ké ludi dugc dua
trong hinh 4.5. Trong so d6 ludi nay dy kién do 09 goc va 06 canh bang may quan
trac ty dong Trimble S8 (thong s do chinh xac mg=17, ms=1+1ppm).

i i i 56 b0 Lu61 KESNG CHE QUAN TRAC
CHUYENV] NGANG
s (1",
N
" Wi
‘QT -1':' Brifm khing ch chuyén vi n@ng
Ty Esod 1:10000
. & 8 K |

Hinh 4.5. So do thiét ké ludi co sé quan trdac tw dong
Két qua udc tinh do chinh xac cua ludi duge dua ra trong phu luc sb 5, sai sO

vi tri diém néu trong bang 4.2.
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Bing 4.2: Két qud wéc tinh do chinh xdc hedi co sé quan trdc tw dong

S6 . . Toa d¢ Sai s6 vi tri diém (m)
Tén diem

TT X (m) Y (m) Mx My Mp

1 QT10 |1574191.3150 | 805794.8650 | 0.0008 | 0.0006 | 0.0010

2 QT2 1574554.4980 | 805200.0740 | 0.0007 | 0.0007 | 0.0010

3 QT3 1574814.6060 | 805458.7390 | 0.0006 | 0.0005 | 0.0008

4 QT4 1575256.5020 | 805633.1290 | 0.0008 | 0.0005 | 0.0009

4.4. THANH LAP LUOI QUAN TRAC

Nhu da gidi thiéu, tai tuyén dap thuy di¢én Yaly co 32 diém quan trac phan
bd trén 04 tuyén co dép, tai mdi tuyén c6 08 diém. Vi cac diém quan tric trén 08
tuyén c6 do hinh twong tu nhau nén trong luan vin chi néu ra d6 hinh quan tric tai
tuyén dinh dap (46 hinh quan tric tai cic tuyén co khac ciing dugc xay dung tuong
tw).
4.4.1. Phwong 4n xiy dung ludi theo cong nghé truyén thong

Lu6i hién tai 1a mang lu6i di duoc xdy dung bang phuong phap giao hoi
canh, toa do tai mdi diém quan tric duoc xac dinh tir viée do canh dén 04 diém

khéng ché co so (hinh 4.6).

DTS

o
QaTho .

[ T LE- 1.1

Hinh 4.6. So dé lwéi quan trdc bang phwong phdp giao hi
Két qua wéc tinh d6 chinh xac duogc trinh bay tai phu luc sd 6, trong bang 4.3

dua ra két qua udc tinh sai s6 vi tri 8 di€ém quan trac trén tuyén dinh dap, qua do
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ké.
Bing 4.3: Két qud wéc tinh do chinh xdc vi tri diém quan trdc trén tuyén
S6 Nz Toa do Sai s6 vi tri diém (m)
Tén diém
TT X (m) Y (m) Mx My Mp
1 M1 1575262.1050 | 806058.8500 | 0.0021 | 0.0014 | 0.0025
2 | M5 1575140.0820 | 806119.4370 | 0.0020 | 0.0012 | 0.0023
3 | M9 1575002.8450 | 806129.1660 | 0.0019 | 0.0011 | 0.0022
4 | M13 1574865.0680 | 806080.3390 | 0.0017 | 0.0010 | 0.0020
5 | M17 1574736.8800 | 805962.9510 | 0.0014 | 0.0010 | 0.0018
6 | M21 1574674.3560 | 805897.9690 | 0.0013 | 0.0010 | 0.0017
7 | M25 1574577.5420 | 805804.7300 | 0.0012 | 0.0011 | 0.0016
8 | M30 1574458.2780 | 805785.2170 | 0.0011 | 0.0012 | 0.0016
4.4.2. Phwong an xiy dung luéi theo cong nghé quan tric ty dong

Theo cong nghé ndy mang ludi quan tric dugc xdy dung theo dd hinh goc
canh theo hai diém co s6 QT2, QT4. Cac yéu to trong luoi dugc du kién do béng
may Trimble S8. P hinh ludi quan tric thiét ké theo cong nghé quan tric ty dong

nhu trong hinh 4.7.

QT4

T2

TV LE: 1/10000
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Hinh 4.7. So do thiét ké hedi quan trdc tw dong tir 2 mdy chii
Két qua udce tinh d6 chinh xac dugc trinh bay tai phu luc $6 7, trong bang 4.4
dua ra két qua udce tinh sai s6 vi tri 8 diém quan tric trén tuyén, qua d6 cho thay
rang mang ludi dugc xay dung dap Gmg yéu cau do chinh xac theo thiét ké.

Bing 4.4: Két quad wéc tinh do chinh xdc hedi quan trac tw dong

S6 |_. ., Toa do Sai s6 vi tri diém (m)

| TEndiem ) Ym | mx | my | wmp
1 | M1 1575262.1050 | 806058.8500 | 0.0017 | 0.0013 | 0.0022
2 | M5 1575140.0820 | 806119.4370 | 0.0019 | 0.0013 | 0.0023
3 | M9 1575002.8450 | 806129.1660 | 0.0019 | 0.0013 | 0.0023
4 | M13 1574865.0680 | 806080.3390 | 0.0018 | 0.0014 | 0.0023
5 | M17 1574736.8800 | 805962.9510 | 0.0016 | 0.0014 | 0.0022
6 | M21 1574674.3560 | 805897.9690 | 0.0016 | 0.0014 | 0.0021
7 | M25 1574577.5420 | 805804.7300 | 0.0015 | 0.0014 | 0.0021
8 | M30 1574458.2780 | 805785.2170 | 0.0016 | 0.0015| 0.0022

4.4.3. Nhan xét cac phwong an xay dung lwéi

Qua viéc phan tich danh gia cac phuong an x4y dung ludi quan tric theo
phuong an cii va phuong an quan tric ty dong tai cong trinh quan tric thiy dién
Yaly c6 thé rat ra mét s6 nhan xét danh gia nhu sau:

1. B6i v6i mang lu6i co sé xay dung theo phuong phéap truyén thong can
phai xay dung nhiéu diém khéng ché co s¢ hon, con dbi véi phuong an quan tric
tu dong can st dung 2 diém co s& cho nén mang ludi co sé theo phuong an quan
trac ty dong c6 thé rat bét sé diém xudng con 4 dén 5 diém ma van bao dam yéu
cau quan trac. Nhu vay s& rat ngin dugc dang ké thoi gian thi céng ludi ciing nhur
giam gia chi phi thanh lap ludi.

2. D6 chinh xac thanh 1ap ca hai mang ludi co sé va ludi quan trac trong hai
phuong 4an 13 tuong duong nhau va déu dap Gmg yéu cau quan tric dbi voi cong

trinh thuc nghiém.



73



74

KET LUAN VA KIEN NGHI
Két luan

1. Quan tric bién dang chuyén dich cong trinh 1a mot dang cong viée doi hoi
dd chinh xac cao, vi vay dé thyuc hién cong tac nay can phai 4p dung cac loai thiét
bi va quy trinh céng nghé tién tién nhat. Hé thong quan tric ty dong 1a cong nghé
méi duoc phat trién va cé tiém ning duoc 4p dung mot cach hiéu qua trong thuc té
san xuat. Chinh vi vy viéc nghién ciru ung dung cong nghé nay trong cic cong
trinh thuy dién 1a can thiét.

2. Quan trac tu dong v6i hé théng ha tang thong tin hién nay cho phép cong
tdc quan trac cong trinh thuy dién dugc lién tuc, dua ra nhiing thong sb chuyén
dich chinh x4c va nhanh chong bang nhiéu hinh thirc truyén tin.

3. Hé théng ludi mit bang dé quan trac dich chuyén ngang bang hé thong tu

dong co6 nhiing dac diém nhu sau:

- Mang lu6i khéng ché co s¢ nén duoc thiét ké xay dung theo hinh thire ludi
do gbc canh véi s6 luong mdc trong ludi khoang 4 dén 5 diém, trong dé sir dung 2
diém 1am tram co s& dé quan tric. Vi tri tram quan tric duoc lya chon tuy thudc

timg diéu kién cu thé cua timg cong trinh.

- Luéi quan tric c6 két cdu 13 ludi giao hdi goc canh duge do ddng bo tir 2
diém co so.

4. Trong bao cdo hoc thuit da thuc hién khao sat viéc xdy dung hé thong
ludi mit bang quan trac chuyén dich ngang cac tuyén dap thay dién trén mé hinh
cac cong trinh thiy dién tai Viét Nam, két qua thyc nghiém da gop phan minh
chtng, 1am rd hon cho ndi dung khao sat 1y thuyét va budc dau da chung to kha
ning ung dung hé théng quan tric tu dong vao muc dich quan tric cac cong trinh
thuy dién.

Kién nghi
1. Hién nay do diéu kién gia thanh thiét bj nén hé théng chua duoc dua vao

cac cong trinh tai Viét Nam, tuy nhién do c6 tinh tuy dong hdéa va do chinh xac cao
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ctia cong nghé nay nén viéc nghién ctru cac khia canh k¥ thuat ctia hé thdng 1a can
thiét dé hudng toi viée trién khai ap dung cong nghé nay trong thuc té san xuit.

2. Hé thong ty dong quan tric cho phép xac dinh toa do theo khong gian 3
chiéu. Trong khuon khd béo céo nay mdi chi nghién ctru tng dung hé thdng quan
trac ty dong dé xac dinh chuyén dich ngang. Can phai c6 nhimg nghién ciru tiép
theo dé kiém chung kha dng ap dung cta hé thdng dé xac dinh ca do lin cong

trinh.
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PHU LUC 1

THANH QUA TiNH TOAN THIET KE LUOCI MAT BANG

BANG 1. CHI TIEU KY THUAT LUOI

STT Tén tham sb Gia tri
1 | Tong sb diém 14
2 | S6 diém gbc 4
3 | S6 diém moi lap 10
4 | S gbc thiét ké 20
5 | S6 canh thiét ké 20
6 | SO phuong vi thiét ké 0
7 | Saisb do goc 1.0"
8 | Sai sd do canh 1+1ppm

BANG 2: SO LIEU KHOI TiNH

S6 | . 2 Toa do

Tén diém
TT X (m) Y (m)
1 [QT1 2445.3940 | 7278.3180
2 | QT2 2597.7150 | 7000.0000
3 | QT3 2000.0000 | 7000.0000
4 | QT4 2152.7350 | 7220.0800

BANG 3: TOA DO CAC PIEM THIET KE

LUGI QUAN TRAC PAP THUY DIEN-PHUONG AN 1

SO |_. .. Toa d Sai s6 vi tri diém (m)
Tr| e ey T oy | Mx | My | Mp
1 |M1 2251.6260 | 6994.9750 | 0.0009 | 0.0010 | 0.0013
2 | M2 2283.3350 | 6995.3860 | 0.0009 | 0.0010 | 0.0014
3 | M3 2319.9680 | 6998.3550 | 0.0009 | 0.0010 | 0.0014
4 | M4 2330.5890 | 6998.2750 | 0.0009 | 0.0010 | 0.0014
5 | M5 2352.1040 | 6998.1910 | 0.0009 | 0.0010 | 0.0013
6 | M6 2387.0100 | 6997.9690 | 0.0009 | 0.0009 | 0.0013
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7 | M7 2418.5680 | 6997.7950 | 0.0009 | 0.0008 | 0.0012
8 | M8 2440.2150 | 6997.6120 | 0.0009 | 0.0007 | 0.0012
9 | M9 2449.7310 | 6997.5740 | 0.0009 | 0.0007 | 0.0011
10 | M10 2474.7350 | 6997.3440 | 0.0009 | 0.0006 | 0.0011
BANG 5: KY HIEU VA GIA TRI GOC THIET KE
S6 Ky hiéu goc GOc thiét ké
TT Tréi Giira Phai o * "
1 | QT2 QT3 M1 358 51 21.42
2 | QT2 QT3 M2 359 04 01.35
3 QT2 QT3 M3 359 42 19.57
4 | QT2 QT3 M4 359 42 03.73
5 |QT2 QT3 M5 359 42 20.29
6 |QT2 QT3 M6 359 41 57.55
7 | QT2 QT3 M7 359 41 53.42
8 |QT2 QT3 M8 359 41 21.10
9 |QT2 QT3 M9 359 41 27.35
10 |QT2 QT3 M10 359 40 46.02
11 | QT3 QT2 M1 0 49 54.63
12 | QT3 QT2 M2 050 27.03
13 | QT3 QT2 M3 020 21.62
14 | QT3 QT2 M4 022 11.96
15 | QT3 QT2 M5 02519.18
16 | QT3 QT2 M6 0 33 08.14
17 | QT3 QT2 M7 0 42 18.65
18 | QT3 QT2 M8 052 07.13
19 | QT3 QT2 M9 056 21.13
20 [ QT3 QT2 M10 114 14.01

BANG 6: KY HIEU VA GIA TRI CANH THIET KE

S6 Ky hi¢u canh Canh thiét ké
TT Piu Cudi (m)
1 QT3 M1 251.6762
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2 QT3 M2 283.3726
3 QT3 M3 319.9722
4 QT3 M4 330.5935
5 QT3 M5 352.1086
6 QT3 M6 387.0153
7 QT3 M7 418.5738
8 QT3 M8 440.2215
9 QT3 M9 449.7375
10 | QT3 M10 474.7424
11 | QT2 M1 346.1255
12 | QT2 M?2 314.4139
13 | QT2 M3 277.7519
14 | QT2 M4 267.1316
15 | QT2 M5 245.6177
16 | QT2 M6 210.7148
17 | QT2 M7 179.1606
18 | QT2 M8 157.5181
19 | QT2 M9 148.0039
20 | QT2 M10 123.0087
Min | QT2 M10 123.0087
Max | QT3 M10 4747424

KET QUA PANH GIA BO CHINH XAC LUGI

1. Sai s6 trong s6 don vi: M = 1.00"

2. Diém yéu nhat: (M2

3. Chiéu dai canh yéu: (QT2

4. Phuong vi canh yéu: (M10

) mp = 0.0014(m)

_MI10

_QT2

) ms/S = 137600

) ma=0.97"
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PHU LUC 2

THANH QUA TiNH TOAN THIET KE LUOCI MAT BANG

BANG 1. CHI TIEU KY THUAT LUOI

STT Tén tham sb Gia tri
1 | Tong sb diém 14
2 | S6 diém gbc 4
3 | S6 diém moi lap 10
4 | S gbc thiét ké 20
5 | S6 canh thiét ké 20
6 | SO phuong vi thiét ké 0
7 | Saisb do goc 1.0"
8 | Sai sd do canh 1+1ppm

BANG 2: SO LIEU KHOI TiNH

S6 | . 2 Toa do

Tén diém
TT X (m) Y (m)
1 [QT1 2445.3940 | 7278.3180
2 | QT2 2597.7150 | 7000.0000
3 | QT3 2000.0000 | 7000.0000
4 | QT4 2152.7350 | 7220.0800

BANG 3: TOA DO CAC PIEM THIET KE

LUGI QUAN TRAC PAP THUY DIEN-PHUONG AN 2

SO |_. .. Toa d Sai s6 vi tri diém (m)
Tr| e Ty T oy | Mx | My | Mp
1 |M1 2251.6260 | 6994.9750 | 0.0010 | 0.0009 | 0.0013
2 | M2 2283.3350 | 6995.3860 | 0.0010 | 0.0009 | 0.0013
3 | M3 2319.9680 | 6998.3550 | 0.0010 | 0.0009 | 0.0014
4 | M4 2330.5890 | 6998.2750 | 0.0010 | 0.0009 | 0.0014
5 | M5 2352.1040 | 6998.1910 | 0.0010 | 0.0009 | 0.0014
6 | M6 2387.0100 | 6997.9690 | 0.0010 | 0.0010 | 0.0014
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7 | M7 2418.5680 | 6997.7950 | 0.0010 | 0.0010 | 0.0014
8 | M8 2440.2150 | 6997.6120 | 0.0010 | 0.0010 | 0.0014
9 | M9 2449.7310 | 6997.5740 | 0.0010 | 0.0010 | 0.0014
10 | M10 2474.7350 | 6997.3440 | 0.0010 | 0.0010 | 0.0014
BANG 5: KY HIEU VA GIA TRI GOC THIET KE
S6 Ky hiéu goc GOc thiét ké
TT Tréi Giira Phai o * "
1 | QT4 QT1 M1 44 22 42.88
2 |QT4 QT1 M2 48 56 31.14
3 | QT4 QT1 M3 54 36 45.24
4 | QT4 QT1 M4 56 27 14.29
5 |QT4 QT1 M5 60 19 34.35
6 |QT4 QT1 M6 66 58 53.09
7 |QT4 QT1 M7 73 16 58.39
8 |QT4 QT1 M8 77 41 18.25
9 |QT4 QT1 M9 79 37 49.56
10 | QT4 QT1 M10 84 42 25.02
11 |[QT1 QT4 M1 282 27 42.39
12 |QT1 QT4 M2 288 54 43.33
13 |QT1 QT4 M3 295 46 13.09
14 |QT1 QT4 M4 297 28 10.97
15 |QT1 QT4 M5 300 41 07.18
16 |QT1 QT4 M6 305 16 19.64
17 |QT1 QT4 M7 308 50 36.94
18 |QT1 QT4 M8 311 00 38.48
19 |QT1 QT4 M9 31154 18.92
20 |[QT1 QT4 M10 314 04 21.87

BANG 6: KY HIEU VA GIA TRI CANH THIET KE

S6 Ky hi¢u canh Canh thiét ké
TT Piu Cudi (m)
1 QT1 M1 343.2627
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2 QT1 M2 326.0577
3 QT1 M3 306.7751
4 QT1 M4 302.6620
5 QT1 M5 295.2527
6 QT1 M6 286.3638
7 QT1 M7 281.8027
8 QT1 M8 280.7538
9 QT1 M9 280.7775
10 |QT1 M10 282.5018
11 | QT4 M1 245.8693
12 | QT4 M?2 259.8918
13 | QT4 M3 277.7208
14 | QT4 M4 284.3053
15 | QT4 M5 298.2997
16 | QT4 M6 322.8282
17 | QT4 M7 346.5224
18 | QT4 M8 363.5062
19 | QT4 M9 371.1005
20 | QT4 M10 391.5295
Min | QT4 M1 245.8693
Max | QT4 M10 391.5295

KET QUA PANH GIA BO CHINH XAC LUGI

1. Sai sb trong s6 don vi: M = 1.00"

2. Diém yéu nhat: (M10
3. Chiéu dai canh yéu: (QT4

4. Phuong vi canh yéu: (M1

) mp = 0.0014(m)

Ml

QT4

) ms/S = 252300

)ma=0.77"
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PHU LUC 3

THANH QUA TiNH TOAN THIET KE LUOCI MAT BANG

BANG 1. CHI TIEU KY THUAT LUOI

STT Tén tham sb Gia tri
1 | Tong sb diém 14
2 | S6 diém gbc 4
3 | S6 diém moi lap 10
4 | S6 goc thiét ké 20
5 | S6 canh thiét ké 20
6 | SO phuong vi thiét ké 0
7 | Saisb do goc 1.0"
8 | Sai sd do canh 1+1ppm

BANG 2: SO LIEU KHOI TiNH

S6 | . 2 Toa do

Tén diém
TT X (m) Y (m)
1 [QT1 2445.3940 | 7278.3180
2 | QT2 2597.7150 | 7000.0000
3 | QT3 2000.0000 | 7000.0000
4 | QT4 2152.7350 | 7220.0800

BANG 3: TOA DO CAC PIEM THIET KE

LUGI QUAN TRAC DAP THUY DIEN-PHUONG AN 3

SO |_. .. Toa d Sai s6 vi tri diém (m)
Tr| e Ty T oy | Mx | My | Mp
1 |M1 2251.6260 | 6994.9750 | 0.0009 | 0.0009 | 0.0012
2 | M2 2283.3350 | 6995.3860 | 0.0009 | 0.0009 | 0.0013
3 | M3 2319.9680 | 6998.3550 | 0.0009 | 0.0010 | 0.0014
4 | M4 2330.5890 | 6998.2750 | 0.0009 | 0.0010 | 0.0014
5 | M5 2352.1040 | 6998.1910 | 0.0010 | 0.0011 | 0.0014
6 | M6 2387.0100 | 6997.9690 | 0.0010 | 0.0011 | 0.0015
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7 | M7 2418.5680 | 6997.7950 | 0.0010 | 0.0012 | 0.0016
8 | M8 2440.2150 | 6997.6120 | 0.0010 | 0.0013 | 0.0017
9 | M9 2449.7310 | 6997.5740 | 0.0010 | 0.0013 | 0.0017
10 | M10 2474.7350 | 6997.3440 | 0.0011 | 0.0014 | 0.0017
BANG 5: KY HIEU VA GIA TRI GOC THIET KE
S6 Ky hiéu goc GOc thiét ké
TT Tréi Giira Phai o * "
1 | QT4 QT3 M1 303 36 59.42
2 |QT4 QT3 M2 303 49 39.36
3 | QT4 QT3 M3 304 27 57.58
4 | QT4 QT3 M4 304 27 41.73
5 | QT4 QT3 M5 304 27 58.29
6 |QT4 QT3 M6 304 27 35.55
7 |QT4 QT3 M7 304 27 31.42
8 |QT4 QT3 M8 304 26 59.11
9 |QT4 QT3 M9 304 27 05.35
10 | QT4 QT3 M10 304 26 24.03
11 | QT3 QT4 M1 58 28 37.01
12 | QT3 QT4 M2 64 55 37.94
13 | QT3 QT4 M3 7147 07.71
14 | QT3 QT4 M4 73 29 05.59
15 | QT3 QT4 M5 76 42 01.80
16 | QT3 QT4 M6 81 17 14.25
17 | QT3 QT4 M7 84 51 31.56
18 | QT3 QT4 M8 87 01 33.10
19 | QT3 QT4 M9 87 55 13.53
20 [ QT3 QT4 M10 90 05 16.48

BANG 6: KY HIEU VA GIA TRI CANH THIET KE

S6 Ky hi¢u canh Canh thiét ké
TT Piu Cudi (m)
1 QT3 M1 251.6762




86

2 QT3 M2 283.3726
3 QT3 M3 319.9722
4 QT3 M4 330.5935
5 QT3 M5 352.1086
6 QT3 M6 387.0153
7 QT3 M7 418.5738
8 QT3 M8 440.2215
9 QT3 M9 449.7375
10 | QT3 M10 474.7424
11 | QT4 M1 245.8693
12 | QT4 M?2 259.8918
13 | QT4 M3 277.7208
14 | QT4 M4 284.3053
15 | QT4 M5 298.2997
16 | QT4 M6 322.8282
17 | QT4 M7 346.5224
18 | QT4 M8 363.5062
19 | QT4 M9 371.1005
20 | QT4 M10 391.5295
Min | QT4 M1 245.8693
Max | QT3 M10 4747424

KET QUA PANH GIA BO CHINH XAC LUGI

1. Sai s6 trong s6 don vi: M = 1.00"

2. Diém yéu nhat: (M10
3. Chiéu dai canh yéu: (QT4

4. Phuong vi canh yéu: (M1

) mp = 0.0017(m)

Ml

QT4

) ms/S = 281400

)ma = 0.72"
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PHU LUC 4

THANH QUA TiNH TOAN THIET KE LUOCI MAT BANG

LUOI KHONG CHE CO SO - PHUONG AN HIEN TAI

BANG 1. CHI TIEU KY THUAT LUOI

STT Tén tham sb Gia tri
1 | Tong sé diém 7
2 | S6 diém gbc 7
3 | S6 diém moi lap 0
4 | S gbc thiét ké 28
5 | S6 canh thiét ké 17
6 | SO phuong vi thiét ké 0
7 | Saisb do goc 1.0"
8 | Sai sd do canh 1+1ppm

BANG 2: SO LIEU KHOI TiNH

S6 . < Toa do

Tén diém .
TT X (m) Y (m)
1 |QT10 1574036.4410 | 805473.4810
2 | QT2 1574554.4980 | 805200.0740
3 | QT3 1574814.6060 | 805458.7390
4 | QT4 1575256.5020 | 805633.1290
5 |QT5 1575472.3890 | 805858.8320
6 | QT8 1574507.8680 | 807688.7470
7 | QT9 1574191.3150 | 805794.8650

BANG 3: TOA DO CAC PIEM THIET KE

S6 |_. ., Toa d Sai s6 vi tri diém (m)
Tén diem

TT X (m) Y (m) Mx My Mp

1 |QT10 1574036.4410 | 805473.4810 | 0.0007 | 0.0012 | 0.0013

2 | QT2 1574554.4980 | 805200.0740 | 0.0008 | 0.0009 | 0.0012

3 | QT3 1574814.6060 | 805458.7390 | 0.0007 | 0.0008 | 0.0011

4 1 QT4 1575256.5020 | 805633.1290 | 0.0009 | 0.0012 | 0.0015
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QT5 1575472.3890 | 805858.8320 | 0.0015 | 0.0018 | 0.0023
QT8 1574507.8680 | 807688.7470 | 0.0010 | 0.0013 | 0.0016
QT9 1574191.3150 | 805794.8650 | 0.0008 | 0.0008 | 0.0012

BANG 4: TUGNG HO VI TRI BIEM
Piém | Piém | Chiéu dai | Ms Phwong vi | Ma
Gu sl m mm| M 6 e
QT4 |1230.4618| 1.2|1/1043300| 72717.78|0.33
QT5 |1486.7555| 1.8 1/846900| 1501 19.05|0.31
QT10 | QT9 | 356.7543| 1.1| 1/338200| 64 16 14.59 | 0.62
QT2 | 585.7768| 1.0| 1/579800 | 332 10 36.98 | 0.55
QT3 | 778.3046| 1.0 1/765900 | 358 54 52.87 | 0.42
QT4 | 824.8310| 1.2 1/708300| 314011.17 |0.39
QT3 | 366.8293| 1.0| 1/370100| 4450 26.26 | 0.50
QT2 | QT8 |2489.1098 | 1.7 |1/1443900 | 91 04 24.310.09
QT9 | 696.9062 | 1.1| 1/657600 | 121 24 30.57 | 0.43
QT10| 585.7768| 1.0| 1/579800 | 152 10 36.98 | 0.55
QT4 | 475.0620| 1.0| 1/455200| 2132 10.30|0.48
QT8 |2251.0051 | 1.6|1/1376400| 97 4954.83|0.11
QT3 |QT9 | 708.1471| 1.0| 1/710900 | 151 39 47.06 | 0.40
QT10| 778.3046 | 1.0| 1/765900 | 178 54 52.87 | 0.42
QT2 | 366.8293| 1.0| 1/370100 | 224 50 26.26 | 0.50
QT8 |2187.6970| 1.9 |1/1175400 | 110 00 39.89 | 0.13
QT9 |1077.3959 | 1.2| 1/881100 | 171 21 58.55 | 0.32
QT4 | QT10|1230.4618 | 1.2 |1/1043300 | 187 27 17.78 | 0.33
QT3 | 475.0620| 1.0| 1/455200 | 201 32 10.30 | 0.48
QT2 | 824.8310| 1.2| 1/708300 | 21140 11.17 | 0.39
QT8 |2068.5477 | 2.3 | 1/908400 | 117 47 34.97 | 0.20
QT5 |QT9 |1282.6700| 1.7 | 1/761500 | 182 51 30.73 | 0.33
QT10 | 1486.7555 | 1.8 | 1/846900 | 195 01 19.05 | 0.31
QT9 |1920.1549 | 1.8 |1/1059900 | 260 30 39.64 | 0.16
QT8 | QT2 |2489.1098 | 1.7 | 1/1443900 | 271 04 24.31 | 0.09
QT3 |2251.0051| 1.6|1/1376400 | 277 49 54.83 | 0.11
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QT4 |2187.6970 | 1.9 1/1175400 | 290 00 39.89 | 0.13
QT5 |2068.5477 | 2.3 | 1/908400 | 297 47 34.97 | 0.20
QT5 |1282.6700| 1.7| 1/761500| 25130.73|0.33
QT8 |1920.1549 | 1.8 1/1059900 | 80 30 39.64 | 0.16
oS QT10| 356.7543 | 1.1| 1/338200 | 244 16 14.59 | 0.62
QT2 | 696.9062 | 1.1| 1/657600 | 301 24 30.57 | 0.43
QT3 | 708.1471| 1.0| 1/710900 | 331 39 47.06 | 0.40
QT4 |1077.3959 | 1.2| 1/881100 | 351 2158.55 | 0.32
BANG 5: KY HIEU VA GIA TRI GOC THIET KE
S6 Ky hiéu goc Goc thiét ké
TT Trai Giira Phai o "
1 |QT2 QT10 QT3 26 44 15.89
2 | QT3 QT10 QT4 83224.91
3 | QT4 QT10 QT5 734 01.27
4 |QT5 QT10 QT9 49 14 55.54
5 | QT4 QT2 QT3 13 10 15.09
6 |QT3 QT2 QTS 46 13 58.05
7 |QTS8 QT2 QT9 30 20 06.26
8 |QT9 QT2 QT10 30 46 06.41
9 |QT2 QT3 QT4 156 41 44.03
10 | QT4 QT3 QTS 76 17 44.54
11 | QT8 QT3 QT9 53 49 52.22
12 | QT9 QT3 QT10 27 15 05.81
13 | QT10 QT3 QT2 45 55 33.39
14 | QT8 QT4 QT9 61 21 18.66
15 | QT9 QT4 QT10 16 05 19.23
16 |QT10 QT4 QT3 14 04 52.52
17 | QT3 QT4 QT2 10 08 00.87
18 | QT8 QT5 QT9 65 03 55.76
19 | QT9 QT5 QT10 12 09 48.32
20 | QT9 QTS QT2 10 33 44.67
21 | QT2 QT8 QT3 6 45 30.52
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22 | QT3 QT8 QT4 12 10 45.06
23 | QT4 QT8 QT5 7 46 55.08
24 | QT10 QT9 QT2 57 08 15.98
25 | QT2 QT9 QT3 30 15 16.48
26 | QT3 QT9 QT4 19 42 11.49
27 | QT4 QT9 QTS5 11 29 32.19
28 | QTS QT9 QTS 77 39 08.91

BANG 6: KY HIEU VA GIA TRI CANH THIET KE

KET QUA PANH GIA BO CHINH XAC LUCI

S6 Ky hiéu canh Canh thiét ké
TT Piu Cubi (m)
1 QT10 QT2 585.7768
2 QT10 QT3 778.3046
3 QT10 QT4 1230.4618
4 | QT10 QT5 1486.7555
5 QT10 QT9 356.7543
6 QT2 QT4 824.8310
7 QT2 QT3 366.8293
8 QT2 QT8 2489.1098
9 QT2 QT9 696.9062
10 | QT3 QT4 475.0620
11 | QT3 QT8 2251.0051
12 | QT3 QT9 708.1471
13 | QT4 QT8 2187.6970
14 | QT4 QT9 1077.3959
15 | QT5 QT8 2068.5477
16 | QTS5 QT9 1282.6700
17 | QT8 QT9 1920.1549

1. Sai s6 trong s6 don vi: M = 1.00"

2. Diém yéu nhat: (QT5

) mp = 0.0023(m)
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3. Chiéu dai canh yéu: (QT9 _QTI10 ) ms/S = 338200

4. Phuong vi canh yéu: (QT10 _QT9 ) ma=0.62"
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PHU LUC 5

THANH QUA TiNH TOAN THIET KE LUOCI MAT BANG
LUOI KHONG CHE CO SO - P.A QUAN TRAC TU PONG

BANG 1. CHI TIEU KY THUAT LUOI

STT Tén tham sb Gia tri
1 | Tong sb diém 4
2 | S6 diém gbc 4
3 | S6 diém moi lap 0
4 | S gbc thiét ké 9
5 | S6 canh thiét ké 6
6 | SO phuong vi thiét ké 0
7 | Saisb do goc 1.0"
8 | Sai sd do canh 1+1ppm

BANG 2: SO LIEU KHOI TiNH

) R . Toa do

Tén diém —
TT X (m) Y (m)
1 [QT9 1574191.3150 | 805794.8650
2 | QT2 1574554.4980 | 805200.0740
3 | QT3 1574814.6060 | 805458.7390
4 | QT4 1575256.5020 | 805633.1290

BANG 3: TOA DO CAC PIEM THIET KE

S6 |_. ., Toa d Sai s6 vi tri diém (m)
Tén diém

TT X (m) Y (m) Mx My Mp

1 [QT9 1574191.3150 | 805794.8650 | 0.0008 | 0.0006 | 0.0010

2 | QT2 1574554.4980 | 805200.0740 | 0.0007 | 0.0007 | 0.0010

3 | QT3 1574814.6060 | 805458.7390 | 0.0006 | 0.0005 | 0.0008

4 | QT4 1575256.5020 | 805633.1290 | 0.0008 | 0.0005 | 0.0009

BANG 4: TUGNG HO VI TRI BIEM
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Piém

cuoi

Chiéu dai
(m)

Ms

M
(mm) s/S

Phwong vi

© ' "

Ma
)

QT2

696.9062

1.2 | 1/ 571600

301 24 30.57

0.34

QT3

708.1471

1.1 |1/ 623500

33139 47.06

0.26

QT4

1077.3959

1.4 1/ 788200

351 21 58.55

0.12

QT2

QT4

824.8310

1.3 | 1/ 650700

314011.17

0.25

QT3

366.8293

1.1 1/343200

44 50 26.26

0.41

QT9

696.9062

1.2 | 1/ 571600

121 24 30.57

0.34

QT3

QT4

475.0620

1.1 1/423500

21 32 10.30

0.37

QT9

708.1471

1.1 |1/ 623500

151 39 47.06

0.26

QT2

366.8293

1.1 1/343200

224 50 26.26

0.41

QT4

QT9

1077.3959

1.4|1/788200

171 21 58.55

0.12

QT3

475.0620

1.1 1/423500

201 32 10.30

0.37

QT2

824.8310

1.3 1/ 650700

21140 11.17

0.25

BANG 5: KY HIEU VA GIA TRI GOC THIET KE

— wn
—| >

Ky hiéu goc

Trai

Gitra

Phai

Goe thiét ké

(o

QT2

QT9

QT3

30 15 16.48

QT3

QT9

QT4

19 42 11.49

QT4

QT2

QT3

13 10 15.09

QT3

QT2

QT9

76 34 04.31

QT9

QT3

QT2

7310 39.21

QT2

QT3

QT4

156 41 44.03

QT4

QT3

QT9

130 07 36.76

QT9

QT4

QT3

3010 11.75

© 00 N O ol B~ w DN

QT3

QT4

QT2

10 08 00.87

Min

QT3

QT4

QT2

10 08 00.87

Max

QT2

QT3

QT4

156 41 44.03

BANG 6: KY HIEU VA GIA TRI CANH THIET KE

S6
TT

Ky hi¢u canh

Pau

Cuoi

Canh thiét ké
(m)
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1 | QT9 QT2 696.9062
2 |QT9 QT3 708.1471
3 |QT9 QT4 1077.3959
4 |oQm2 QT3 366.8293
5 | QT2 QT4 824.8310
6 |QT3 QT4 475.0620

Min | QT2 QT3 366.8293

Max | QT9 QT4 1077.3959

KET QUA PANH GIA BO CHINH XAC LUCI

1. Sai s6 trong s6 don vi: M = 1.00"

2. Diém yéu nhat: (QT9
3. Chiéu dai canh yéu: (QT3

4. Phuong vi canh yéu: (QT2

) mp = 0.0010(m)

QT2

QT3

) ms/S = 343200

) ma=0.41"
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PHU LUC 6

THANH QUA TINH TOAN THIET KE LUOCI MAT BANG
LUOI QUAN TRAC TUYEN DINH PAP — PHUONG AN HIEN TAI

BANG 1. CHI TIEU KY THUAT LUOI

STT Tén tham sb Gia tri
1 | Tong sb diém 12
2 | S6 diém gbc 4
3 | S6 diém moi lap 8
4 | S gbc thiét ké 0
5 | S6 canh thiét ké 32
6 | SO phuong vi thiét ké 0
8 | Sai sd do canh 1+1ppm

BANG 2: SO LIEU KHOI TINH

SH R . Toa do

Tén diem
TT X (m) Y (m)
1 | QT2 1574554.4990 | 805200.0720
2 | QT3 1574814.6060 | 805458.7420
3 | QT4 1575256.5040 | 805633.1290
4 | QT10 1574036.4390 | 805473.4780

BANG 3: TOA DO CAC PIEM THIET KE

SO |_. .. Toa d Sai s6 vi tri diém (m)
| TEndem ) Y (m) Mx | My | Mp
1 |M1 1575262.1050 | 806058.8500 | 0.0021 | 0.0014 | 0.0025
2 | M5 1575140.0820 | 806119.4370 | 0.0020 | 0.0012 | 0.0023
3 | M9 1575002.8450 | 806129.1660 | 0.0019 | 0.0011 | 0.0022
4 | M13 1574865.0680 | 806080.3390 | 0.0017 | 0.0010 | 0.0020
5 | M17 1574736.8800 | 805962.9510 | 0.0014 | 0.0010 | 0.0018
6 | M21 1574674.3560 | 805897.9690 | 0.0013 | 0.0010 | 0.0017
7 | M25 1574577.5420 | 805804.7300 | 0.0012 | 0.0011 | 0.0016
8 | M30 1574458.2780 | 805785.2170 | 0.0011 | 0.0012 | 0.0016
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BANG 4: TUGNG HO VI TRI BIEM

Piém | Piém | Chiéu dai | Ms Phwong vi | Ma
Gu sl m mm| M 6o e
QT10|1358.2774| 1.6| 1/831200 | 205 31 44.07 | 0.30
\ |QT2 | 11127470 | 1.1]1/1019800 | 230304519 | 0.43
QT3 | 7485886 | 1.1| 1/712500 | 23317 17.52 | 0.64
QT4 | 4257578| 1.3| 1/315800 | 269 14 46.43 | 1.04
QT10|1278.7849 | 1.6| 1/805400 | 210 20 25.13 | 0.28
e |QT2 1090.0181| 11| 1/977200 | 237301869 039
QT3 | 7365138| 1.0| 1/701700 | 243 46 26.08 | 0.58
QT4 | 500.0496 | 1.4| 1/358100 | 283 27 47.55 | 0.77
QT10|1167.8473 | 15| 1/764400 | 214 09 22.11 | 0.27
\o | QT2 |103L6151| 11| 1/024100 244142322 037
QT3 | 696.3492 | 1.0| 1/666000 | 254 18 59.51 | 0.56
QT4 | 557.1316| 1.4| 1/394200 | 297 05 02.01 | 0.60
QT10|1027.0863 | 1.4| 1/710600 | 216 13 04.22 | 0.27
g QT2 | 933.4469| 1.1 1/848200 | 250335952  0.36
QT3 | 623.6419| 1.0| 1/599000 | 265 21 31.81 | 0.55
QT4 | 5943222 | 1.4| 1/427900 | 311 11 42.57 | 0.48
QT10| 8545182 | 1.3| 1/640700 | 214 56 46.02 | 0.28
\yiy |QT2 | 7843769| 11| 1/727700 | 256331690 037
QT3 | 510.1647 | 1.0| 1/491000 | 278 45 48.28 | 0.58
QT4 | 615.4605| 1.3| 1/473500 | 327 35 43.42 | 0.40
QT10| 766.2445| 1.3| 1/594600 | 213 38 27.97 | 0.29
\py |QT2 | 7081143 11| 1/656800 | 2601518.27 | 0.38
QT3 | 461.0753| 1.0| 1/443700 | 287 42 31.87 | 0.59
QT4 | 6395596 | 1.2| 1/518300 | 33532 15.03 | 0.37
QT10| 634.4449 | 1.2| 1/516500 | 211 28 26.76 | 0.34
\pe |QT2 | 6050069 11| 1/545500 | 26749 03.23 | 0.40
QT3 | 419.4127| 1.0| 1/406800 | 304 25 05.36 | 0.61
QT4 | 7003116| 1.1| 1/625900 | 345 48 57.91 | 0.34
M30 |QT10| 5245277 | 1.2| 1/426800 | 216 27 51.84 | 0.41
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QT2 | 593.0035 1.1| 1/521200 | 27920 17.25| 0.40
QT3 | 483.2759 1.0| 1/466500 | 317 30 12.42 | 0.53
QT4 | 812.5857 1.1| 1/752200 | 349 12 45.32 | 0.31
M1 | 1112.7470 1.1]1/1019800 | 50 3045.19|0.43
M5 | 1090.0181 1.1| 1/977200 | 57 30 18.69 | 0.39
M9 | 1031.6151 1.1| 1/924100 | 64 14 23.22 | 0.37
oT? M13 | 933.4469 1.1| 1/848200 | 703359.52|0.36
M17 | 784.3769 1.1| 1/727700 | 76 3316.90 | 0.37
M21 | 708.1143 1.1| 1/656800 | 8015 18.27|0.38
M25 | 605.0969 1.1| 1/545500 | 87 4903.23|0.40
M30 | 593.0035 1.1| 1/521200 | 9920 17.25|0.40
M1 748.5886 1.1| 1/712500 | 5317 17.52|0.64
M5 736.5138 1.0| 1/701700 | 63 46 26.08 | 0.58
M9 696.3492 1.0| 1/666000 | 7418 59.51|0.56
oT3 M13 | 623.6419 1.0| 1/599000 | 852131.81|0.55
M17 | 510.1647 1.0| 1/491000 | 98 45 48.28 | 0.58
M21 | 461.0753 1.0| 1/443700 | 107 42 31.87 | 0.59
M25 | 419.4127 1.0| 1/406800 | 124 25 05.36 | 0.61
M30 | 483.2759 1.0 | 1/466500 | 137 30 12.42 | 0.53
M1 425.7578 1.3 | 1/315800 | 8914 46.43|1.04
M5 500.0496 1.4 | 1/358100 | 103 27 47.55 | 0.77
M9 557.1316 1.4| 1/394200 | 117 05 02.01 | 0.60
oT4 M13 | 594.3222 1.4| 1/427900 | 131 11 42,57 | 0.48
M17 | 615.4605 1.3 | 1/473500 | 147 35 43.42 | 0.40
M21 | 639.5596 1.2 | 1/518300 | 155 32 15.03 | 0.37
M25 | 700.3116 1.1| 1/625900 | 16548 57.91 | 0.34
M30 | 812.5857 1.1| 1/752200 | 169 12 45.32 | 0.31
M1 | 1358.2774 1.6| 1/831200 | 253144.07|0.30
M5 | 1278.7849 1.6| 1/805400 | 302025.13|0.28
OT10 M25 | 634.4449 1.2 1/516500 | 3128 26.76 | 0.34
M21 | 766.2445 1.3 | 1/594600 | 3338 27.97|0.29
M9 | 1167.8473 1.5| 1/764400 | 3409 22.11|0.27
M17 | 854.5182 1.3 | 1/640700 | 3456 46.02|0.28
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M13

1027.0863 1.4

1/ 710600

36 13 04.22

0.27

M30

5245277 1.2

1/ 426800

36 27 51.84

0.41

BANG 5: KY HIEU VA GIA TRI CANH THIET KE

S6 Ky hi¢u canh Canh thiét ké
TT Piu Cubi (m)
1 QT2 M1l 1112.7470
2 |QT2 M5 1090.0181
3 QT2 M9 1031.6151
4 | QT2 M13 933.4469
5 QT2 M17 784.3769
6 QT2 M21 708.1143
7 |QT2 M25 605.0969
8 |QT2 M30 593.0035
9 |QT3 M1 748.5886
10 | QT3 M5 736.5138
11 | QT3 M9 696.3492
12 | QT3 M13 623.6419
13 | QT3 M17 510.1647
14 | QT3 M21 461.0753
15 | QT3 M25 419.4127
16 | QT3 M30 483.2759
17 | QT4 M1l 425.7578
18 | QT4 M5 500.0496
19 | QT4 M9 557.1316
20 | QT4 M13 594.3222
21 | QT4 M17 615.4605
22 | QT4 M21 639.5596
23 | QT4 M25 700.3116
24 | QT4 M30 812.5857
25 | QT10 M1 1358.2774
26 | QT10 M5 1278.7849
27 | QT10 M9 1167.8473
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28 | QT10 M13 1027.0863
29 | QT10 M17 854.5182
30 |QT10 M21 766.2445
31 | QT10 M25 634.4449
32 | QT10 M30 5245277
Min | QT3 M25 419.4127
Max | QT10 M1 1358.2774

KET QUA PANH GIA BO CHINH XAC LUCI
1. Sai s6 trong s6 don vi: M = 2.00"
2. Diém yéu nhat: (M1 ) mp = 0.0025(m)
3. Chiéu dai canh yéu: (QT4 M1 ) ms/S =2315800
4. Phuong vi canh yéu: (M1 QT4 ) ma=1.04"

PHU LUC 7

THANH QUA TiNH TOAN THIET KE LUCI MAT BANG
LUGI QUAN TRAC TUYEN DINH PAP — P.A QUAN TRAC TU PONG

BANG 1. CHI TIEU KY THUAT LUOI

STT Tén tham s Gia tri
1 | Tong sb diém 12
2 | S6 diém gbc
3 | S6 diém moi lap 8
4 | S gbc thiét ké 16
5 | S6 canh thiét ké 16
6 | S6 phuong vi thiét ké 0
7 | Saisb do goc 1.0"
8 | Sai sd do canh 1+1ppm
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BANG 2: SO LIEU KHOI TINH
S6 | . 2 Toa do
Tén diéem
TT X (m) Y (m)
1 | QT2 1574554.4990 | 805200.0720
2 | QT3 1574814.6060 | 805458.7420
3 | QT4 1575256.5040 | 805633.1290
4 | QT10 1574036.4390 | 805473.4780

BANG 3: TOA DO CAC BIEM THIET KE

— W
—| >~

Tén diém

Toa do

Sai s0 vi tri diém (m)

X (m)

Y (m)

Mx My

Mp

M1

1575262.1050

806058.8500

0.0017

0.0013

0.0022

M5

1575140.0820

806119.4370

0.0019

0.0013

0.0023

M9

1575002.8450

806129.1660

0.0019

0.0013

0.0023

M13

1574865.0680

806080.3390

0.0018

0.0014

0.0023

M17

1574736.8800

805962.9510

0.0016

0.0014

0.0022

M21

1574674.3560

805897.9690

0.0016

0.0014

0.0021

M25

1574577.5420

805804.7300

0.0015

0.0014

0.0021

00 ~N o Ok WiN P

M30

1574458.2780

805785.2170

0.0016

0.0015

0.0022

BANG 4: TUONG HO VI TRi BIEM

Piém

cuoi

Chiéu dai
(m)

Ms

Ms/S
mm)| "

Phwong vi

© "

Ma
")

QT2

1112.7470

1.3 1/ 841900

230 30 45.19

0.32

QT4

425.7578

1.3 1/ 334400

269 14 46.43

0.84

QT2

1090.0181

1.4 1/ 753200

237 30 18.69

0.34

QT4

500.0496

1.4 1/ 368500

283 27 47.55

0.77

QT2

1031.6151

1.5| 1/ 676300

244 14 23.22

0.36

M9

QT4

557.1316

1.4 1/ 392000

297 05 02.01

0.69

QT2

933.4469

1.5| 1/ 603100

250 33 59.52

0.38

M13

QT4

594.3222

1.5| 1/ 406900

31111 42.57

0.62

QT2

784.3769

1.5]1/519500

256 33 16.90

0.41

M17

QT4

615.4605

1.5]1/419300

327 3543.42

0.54
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- QT2 | 708.1143| 1.5|1/477200 | 260 15 18.27 | 0.44
QT4 | 639.5596 | 1.5|1/435700 | 335 32 15.03 | 0.50
V25 QT2 | 605.0969 | 1.4|1/419200 | 267 49 03.23 | 0.51
QT4 | 700.3116 | 1.5|1/478700 | 345 48 57.91 | 0.44
M30 QT2 | 593.0035| 1.5|1/407300 | 27920 17.25 | 0.56
QT4 | 8125857 | 1.5|1/538600 | 349 12 45.32 | 0.40
QT4 | 824.8329| -—|  ---mee- 314011.47 | ----
M1 |1112.7470| 1.3|1/841900| 5030 45.19|0.32
M5 [1090.0181 | 1.4|1/753200| 57 3018.69|0.34
M9 [1031.6151| 1.5|1/676300| 64 1423.22|0.36
QT2 |M13 | 933.4469| 1.5|1/603100| 703359.520.38
M17 | 784.3769| 1.5|1/519500| 763316.90 |0.41
M21 | 708.1143| 1.5|1/477200| 8015 18.27 | 0.44
M25 | 605.0969 | 1.4 |1/419200| 8749 03.23|0.51
M30 | 593.0035| 1.5|1/407300| 992017.25|0.56
M1 425.7578 | 1.3|1/334400| 89 14 46.43 | 0.84
M5 500.0496 | 1.4 | 1/ 368500 | 103 27 47.55 | 0.77
M9 557.1316 | 1.4 |1/392000 | 117 05 02.01 | 0.69
M13 | 594.3222 | 1.5|1/406900 | 13111 42.57 | 0.62
QT4 |M17 | 615.4605| 1.5|1/419300 | 147 35 43.42 | 0.54
M21 | 639.5596 | 1.5|1/435700 | 155 32 15.03 | 0.50
M25 | 700.3116 | 1.5|1/478700 | 16548 57.91 | 0.44
M30 | 812.5857 | 1.5|1/538600 | 169 12 45.32 | 0.40
QT2 | 824.8329| -—|  ---mm- 2114011.47 | ----
BANG 5: KY HIEU VA GIA TRI GOC THIET KE
S6 Ky hiéu goc GOc thiét ké
TT Trai Giira Phai o ' "
1 | QT4 QT2 M1 18 50 33.73
2 |QT4 QT2 M5 25 50 07.22
3 |QT4 QT2 M9 3234 11.75
4 | QT4 QT2 M13 38 53 48.05
5 | QT4 QT2 M17 44 53 05.44
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6 |QT4 QT2 M21 48 35 06.80
7 | QT4 QT2 M25 56 08 51.76
8 | QT4 QT2 M30 67 40 05.78
9 | QT2 QT4 M1 237 34 34.97
10 | QT2 QT4 M5 251 47 36.09
11 | QT2 QT4 M9 265 24 50.54
12 | QT2 QT4 M13 279 31 31.10
13 | QT2 QT4 M17 295 55 31.96
14 | QT2 QT4 M21 303 52 03.57
15 | QT2 QT4 M25 314 08 46.44
16 | QT2 QT4 M30 317 32 33.85

Min | QT4 QT2 M1 18 50 33.73

Max | QT2 QT4 M30 317 32 33.85

BANG 6: KY HIEU VA GIA TRI CANH THIET KE

S6 Ky hiéu canh Canh thiét ké
TT Diu Cubi (m)
1 QT2 M1 1112.7470
2 QT2 M5 1090.0181
3 QT2 M9 1031.6151
4 | QT2 M13 933.4469
5 QT2 M17 784.3769
6 QT2 M21 708.1143
7 QT2 M25 605.0969
8 QT2 M30 593.0035
9 QT4 M1 425.7578
10 | QT4 M5 500.0496
11 | QT4 M9 557.1316
12 | QT4 M13 594.3222
13 | QT4 M17 615.4605
14 | QT4 M21 639.5596
15 | QT4 M25 700.3116
16 |QT4 M30 812.5857
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Min

QT4

M1

425.7578

Max

QT2

M1

1112.7470

KET QUA BDANH GIA PO CHINH XAC LUOI

1. Sai sd trong s6 don vi: M = 1.00"

2. Diém yéu nhat: (M9

) mp = 0.0023(m)

3. Chiéu dai canh yéu: (QT4 M1

4. Phuong vi canh yéu: (M1 QT4

) ms/S = 334400

) ma = 0.84"




