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T6ém tét: Bai bao trinh bay néi dung nghién ciru vé kha nédng tmg dung hé thdng quan trdc tw déng bang
may toan dac dién tir (TPPT) Leica viva TS15 va phdn mém GOCA dé tw dong quan tréc bién dang twong vay
nha cao tdng trong giai doan thi cobng méng va tdng ham.

1. Dat van dé

Trong qua trinh thi céng méng va tang hadm nha cao tang, khi thi cong hé dao sau sé lam thay dbi trang thai
(rng suét, bién dang trong dat nén xung quanh khu vic hd dao va cé thé lam thay d6i muc nwéc ngdm dan dén
nén dat bj dich chuyén va c6 thé lin gay hw héng céng trinh 1an can néu khéng cé giai phap thich hop. Twdng
vay la giai phap thich hop dé chéng d& thanh hé dao. Do vay, trong qué trinh thi cong tang hadm can phai tién
hanh quan trdc d& xem nhirng blrc twdng nay ¢ bi “lun” cling nhw “chuyén vi” hay khéng khi dao dat & gitra.
Day la mét trong nhirng yéu td bat budc khi thi cdng thng hdm nha cao tang béi vi twéng vay bi dich chuyén cé
thé sé 1am anh hwéng x4u dén cong trinh va cac cong trinh |an can.

Trong qué trinh quan trac bién dang twong vay, viéc ap dung phwong phéap trac dia truyén théng thi nhiéu
khi sé liéu quan trac tai thdi diém bao cdo khéng dap ng dwoc yéu cau vé tién do va dac biét 1a yéu ciu do
chinh xac cao dén +1.0mm dbi véi cac cong trinh d3c biét. Trong nhitng nd3m gan day véi sw tién bd vuot bac
vé khoa hoc cdng nghé, cac nha cung cép thiét bi trac dia da khdng ngirng cai tién va nang cao kha nang tw
déng hoa, da ché tao thanh céng hé théng quan trac tw déng (ng dung trong tréc dia cdng trinh. Trén thé giGi
cac nuwéc nhw Thuy S§, Trung Quéc, My, Burc, Singapore,... da st dung hé théng quan tréc tw dong dé tién
hanh quan trac bién dang clia dap thly dién, cau, nha cao tang, twéng vay nha cao tang,... O Viét Nam hién
nay viéc (rng dung hé théng tréc dia quan tréc tw déng mai trong giai doan quan trac thi nghiém. Bé cé nhirng
danh gia ban dau vé tinh wu viét va kha nang (ng dung cta hé théng quan trac tw dong trong quan trac bién
dang céng trinh & Viét Nam, ching t6i da tién hanh khao sat mét hé théng quan trac tw déng gbm may TDDT
Leica viva TS15 va phdn mém GOCA dé ty dong quan trac bién dang twéng vay nha cao tang trong giai doan
thi cbng méng va tang ham.

2. May toan dac dién tt Leica viva TS15 va phan mém GOCA

2.1 May toan dac dién tirLeica viva TS15

Hinh 1. M&y TDBT Leica viva TS15



May toan dac dién tl Leica viva TS15 la may toan dac dién t& do hang Leica cta Thuy S§ ché tao. CAc tinh
nang ky thuat ndi troi clia may so v&i cac may toan dac dién tir khac dwoc néu & bang 1 dudi day.

Bang 1. Tinh nédng ky thudt cda may TPPT viva TS15

STT Tinh nang ky thuat
1 Do chinh xac do géc ngang va géc dieng: 17
2 Do chinh xac do canh cé s dung gwong: (1mm+1.5ppmD)
3 D6 chinh xac do canh béng Laser (khéng gwong): (2mm-+2ppmD)
4 Tw dong quay véi the do goc: 45%s
5 B&t muc tiéu tw dong

5.1 Do chinh xac tw dong bat diém (géc ngang, géc ding): 1”

5.2 D6 chinh xac vi tri diém: + Imm

5.3 D6 chinh xac diém tai 2000m: + 2mm

6 Tim diém tw dong

7 Do chinh xac doi tam béng Laser: 1mm tai 1.5m chiéu cao may

Théng sb ky thuat chung:
- Hé diéu hanh Windows CE 6.0;
- Bo6 xt ly: Freescale i.MX31 533 MHz ARM Core;
8 - Man hinh cam &ng;
- Quan ly d liéu: b6 nh¢ trong: 1GB va bé nhg thé

CompactFlash, truyén d# liéu qua cbéng RS232 hoac

Bluetooth, Wireless va USB.

Tl cac tinh ndng ctia may TEDT Leica viva TS15 & bang 1, ching ta nhan thay day |a may toan dac dién tl
c6 dd chinh xac cao, bat diém tw dong (46 chinh xac vj tri diém = 1mm), truyén di liéu v& may tinh thuan loi.
Do d6 may TDDT nay hoan toan cé thé s dung dé quan trac chuyén dich twdng vay cong trinh nha cao tang.
2.2 Phan mém GOCA

Phan mém GOCA la phan mém dung dé thu thap di liéu cdm bién ti tram quan tréc bién dang tw dong vé
may tinh va sau do tién hanh tinh toan x& ly, phan tich bién dang va canh bao nguy hiém khi bién dang vuot
qué gi6i han cho phép. Qua trinh phan tich bién dang bang phan mém GOCA dwoc thye hién nhw & hinh 2 [5].
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3. Phwong phép quan trac chuyén dich bang may TBDT Leica viva TS15 va phan mém GOCA

Tl tinh nang cla may TEDT Leica viva TS15 va phan mém GOCA nhw d& néu & trén. Khi ching ta két hop
ching v&i nhau sé tao nén mét hé thdng quan tréc tw ddng. Qua trinh quan trac tw déng bang may TPDT Leica
viva TS15 va phan mém GOCA duwoc thuc hién nhuw sau:

- Thiét 1ap tram quan trdc bang may TPDT t& Leica viva TS15;

- Thiét 1ap diém tham chiéu (mbc chuén) va diém muc tiéu (diém quan tréc);

- Cai d&t tram may va tién hanh do dac quan trac;

- Truyén di liéu t tram TDDT vé may tinh théng qua bd thu GOCA (Bd thu GOCA néi véi may tinh);

- Tinh toan phan tich bién dang b&ng phan mém GOCA cai dat trén may tinh;

- Canh béo khi bién dang vwot quéa gi¢i han cho phép.
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Hinh 3. So d4 quan tréc tw déng bang may TPPT Leica viva TS15 va phdn mém GOCA
4. Thwc nghiém quan trac twéng vay nha cao tadng bang may TPDT Leica viva TS15 va phan mém
GOCA
Dé kiém ching ly thuyét & trén ching t6i dé tién hanh thwe nghiém quan trdc chuyén dich twong vay cla
mot cong trinh nha cao tAng & Ha Néi. Cong trinh c6 2 tang ham, chu vi twong vay khodng 480 m, chiéu day



twong vay 1a 0.8m, bién phap thi cong hé dao dé thi cong méng va tdng ham |1a phwong phap dao mé. So dd
quan trac thwc nghiém nhw & hinh 4.

QT1 QT2 QT3 QT4

MC%\ QT5

. —— 4 QT6

/ k QT7

MC2 MC3
Hinh 4. So dé thuc nghiém quan tréc chuyén djch ngang tuong vay bang may TPBT Leica viva TS15 va phdn mém GOCA

Trén hinh 4: Tram may TPDT Leicca viva TS15 dwoc lap dat tai cong trwdng (hinh 5).
MC1, MC2, MC3: [a 03 diém tham chiéu ndm ngoai viing chuyén dich, dworc thiét ké theo kiéu dinh tam bét budc.
QT1, QT2,..., QT7: Biém quan trac (diém muc tiéu) 1 nhixng gwong phan xa dwoc gan cb dinh vao twdng vay.
D@ lieu quan trdc tv tram may TDDT sé dwoc truyén vé may tinh c6 cai d&t phdn mém GOCA bang
Wireless thdng qua bd thu GOCA (B6 thu GOCA va may tinh cé cai dat phan mém GOCA dwoc dat tai van
phong cbng trivong, cach tram may khoang 100m).

=7 g il .
Hinh 5. Tram may TDDT Leica viva TS15 tai cong trwdng Hinh 6. Méc tham chiéu

Sau khi toan bd céng tac thiét l1ap tram quan trac ty déng dwoc hoan thanh, tién hanh thwe nghiém quan
trac véi tan suét ty déng do l&p 120 phat.

Thu nhan va x( ly sb liéu quan tréc: di liéu quan trac dwoc truyén vé may tinh, st dung tinh nang tw déng
xt ly sb lieu ctia phan mém GOCA sé cho ching ta hinh anh @b thi bién dang cta diém quan trac gan trén
twong vay (hinh 7).
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Hinh 7. B4 thi thé hién dién bién chuyén dich lién tuc cda diém quan trc theo thoi gian

Tl d6 thi chuyén dich clia diém quan tréc theo thoi gian, ching ta d& dang nhan thay gia tri chuyén dich
ngang, lin Ién nhét theo thdi gian. Trong phan mém ching ta cai dat gia tri bién dang gi¢i han cho phép, khi
gia tri chuyén dich cta diém quan tric nhan dwoc co gia tri vwot qua gia tri gi¢i han cho phép thi coi bao dong
sé kéu, ddng thoi viec canh bao s& dwoc tw ddng glvi dén nhirng ngwdi phu trach clia don vi chi quan cong
trinh bang SMS, EMAIL, FAX d& c6 bién phap x ly kip thoi.

i

Hinh 8. Bén béo déng khi dich chuyén vuot qua
gi6i han cho phép

5. Khao sat dé chinh xac quan trac twong vay bang phwong phap stv dung may TPDT Leica viva TS15
va phan mém GOCA

Dé kidm ching do chinh xac clia phwong phap quan trac tw ddng nay ching toi da dong thoi tién hanh
quan tr&c tai 07 vj tri clia twdng vay nhw & hinh 4 bang 2 phwong phap (phwong phap st dung may TBDT
Leica viva TS15 va phdn mém GOCA vé&i phwong phap trac dia truyén théng) véi 3 chu ky quan tréc. Ca hai
phwong phap quan trdc déu st dung chung mét hé toa dd cd truc x va truc y song song véi truc ngang va truc
doc ctia cong trinh (hé toa d& dwoc chon nhw vay sé dé dang cho chiing ta biét 1a tai thdi didm quan trac thi
twéng vay chuyén dich vao trong hay chuyén dich ra ngoai.

5.1 Két qua quan trac bang may TPBT Leica viva TS15 va phan mém GOCA

Két qua quan trac chuyén dich twong vay chu ky 1, 2 va 3 dwoc trinh bay & bang 2 va bang 3.






Bang 2. Toa do va do cao ctia cac diém quan tric bing TPBT Leica viva TS15 va phdn mém GOCA

Ten Toa d6, do cao Toa do6, do cao Toa do6, dé cao
STT gidm chu ky 01 (ngay 12.06.2011) chu ky 02 (ngay 19.06.2011) chu ky 03 (ngay 26.06.2011)

X(m) Y (m) H (m) X(m) Y (m) H (m) X(m) Y (m) H (m)
1 QT1 | 2112.6002 | 898.1038 6.7489 | 2112.6002 | 898.1038 6.7497 | 2112.6010 | 898.1022 6.7495
2 QT2 | 2112.8112 | 931.9048 6.6525 | 2112.8103 | 931.9037 6.6531 | 2112.8127 | 931.9055 6.6529
3 QT3 | 2112.7911 | 965.9000 6.7618 | 2112.7900 | 965.8986 6.7616 | 2112.7923 | 965.9007 6.7610
4 QT4 | 2112.6998 | 1000.1552 | 6.6740 | 2112.7010 | 1000.1546 | 6.6742 | 2112.7004 | 1000.1558 | 6.6739
5 QT5 | 2075.3963 | 999.7623 6.7042 | 2075.3955 | 999.7607 6.7046 | 2075.3935 | 999.7629 6.7046
6 QT6 | 2037.5945 | 1000.1991 | 6.7310 | 2037.5920 | 1000.1979 | 6.7315 | 2037.5926 | 1000.1979 | 6.7306
7 QT7 | 1999.8209 | 999.7288 6.5469 | 1999.8218 | 999.7296 6.5471 | 1999.8184 | 999.7303 6.5464

Bang 3. Bang tinh do dich chuyén cda cac diém quan trdc bang TPOT Leica viva TS15 va phdn mém GOCA

Dé dich chuyén chu ky 02 so D6 dich chuyén chu ky 03 so Dé dich chuyén chu ky 03 so
STT T(:en v&i chu ky 01 vé&i chu ky 02 v&i chu ky 01
diem QX QY QH QX QY QH QX QY QH
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

1 QT1 0.0 0.0 0.8 0.8 -1.6 -0.2 0.8 -1.6 0.6

2 QT2 -0.9 -1.1 0.6 2.4 1.8 -0.2 15 0.7 0.4

3 QT3 -1.1 -1.4 -0.2 2.3 2.1 -0.6 1.2 0.7 -0.8

4 QT4 1.2 -0.6 0.2 -0.5 1.2 -0.3 0.6 0.6 -0.1

5 QT5 -0.8 -1.6 0.4 -2.0 2.2 0.0 -2.8 0.6 0.4

6 QT6 -2.5 -1.2 0.5 0.6 0.0 -0.8 -1.9 -1.2 -0.4

7 QT7 0.9 0.8 0.2 -3.3 0.8 -0.7 -2.5 15 -0.5

5.2 Két qua quan trac bang phwong phéap trdc dia truyén théng

Dé st dung phwong phap tréc dia truyén théng tién hanh g&n méc quan trac sat vi tri quan tréc tw dong (tén
diém quan trac van s dung chung tén QT1, QT2,..., QT7 dé tién so sanh).

Phwong phap truyén thdng dwoc thywe hién nhw sau: Dung may toan dac dién tir TC1800 (d6 chinh xac do
goc la 17, @6 chinh xac do canh & 1+2ppm) do ndi cac mdc quan tréc v&i cac méc chudn tao thanh mang |woi
do géc canh hén hop. Tinh toan binh sai mang lwéi sau méi chu ky do. Sai s6 vi tri diém I&n nhat sau binh sai
trong 3 chu ky la 2.6mm.

D6 cao clia cac mbc quan tréc nay dwoc xac dinh bang thiy chuén hinh hoc theo phwong phap do lan hang
Il (sai s6 d cao cla diém quan tréc sau binh sai I&6n nhét [a 0.3mm).

Két qua quan trc chuyén dich twong vay chu ky 1, 2 va 3 dwoc trinh bay & bang 4 va bang 5 (sb liéu toa
dd va dd cao trong bang 4 va bang 5 dwo'c dadm béo la xac dinh trong hé théng méc chuén én dinh).

Bang 4. Toa do va dé cao cda cac diém quan trdc bang phuong phap truyén théng

. Toa d6, do cao Toa do6, do cao Toa do6, dé cao
STT ;g:n chu ky 01 (ngay 12.06.2011) chu ky 02 (ngay 19.06.2011) chu ky 03 (ngay 26.06.2011)
X (m) Y (m) H (m) X (m) Y (m) H (m) X (m) Y (m) H (m)
QT1 | 2112.7697 | 898.2234 | 6.8634 | 2112.7699 | 898.2216 | 6.8631 | 2112.7719 | 898.2200 | 6.8633
QT2 | 2112.8427 | 931.9948 | 6.6621 | 2112.8438 | 931.9938 | 6.6611 | 2112.8454 | 931.9943 | 6.6610
QT3 | 2112.7754 | 965.9944 | 6.6805 | 2112.7769 | 965.9933 | 6.6794 | 2112.7803 | 965.9929 | 6.6796




4 QT4 | 2112.6484 | 1000.0052 | 6.6545 | 2112.6459 | 1000.0065 | 6.6533 | 2112.6455 | 1000.0066 | 6.6534
5 QT5 | 2075.3041 | 999.9525 6.6833 | 2075.3037 | 999.9542 6.6821 | 2075.3033 | 999.9547 6.6822
6 QT6 | 2037.4469 | 1000.1096 | 6.7201 | 2037.4464 | 1000.1095 | 6.7189 | 2037.4467 | 1000.1135 | 6.7191
7 QT7 | 1999.9973 | 999.9998 6.8956 | 1999.9956 | 999.9989 6.8950 | 1999.9973 | 999.9991 6.8952
Bang 5. Bang tinh do dich chuyén cda cac diém quan trdc bang phuong phap truyén théng
Dé dich chuyén chu ky 02 D& dich chuyén chu ky 03 Do dich chuyén chu ky 03
STT T(:en so véi chu ky 01 so0 v&i chu ky 02 so voi chu ky 01
diém QX QY QH QX QY QH QX QY QH
(mm) (mm) (mm) (mm) (mm (mm) (mm) (mm) (mm)
1 QT1 0.2 -1.8 -0.3 2.0 -1.6 0.2 2.2 -3.4 -0.2
2 QT2 1.1 -1.0 -1.0 1.6 0.5 -0.1 2.7 -0.5 -1.1
3 QT3 15 -1.1 -1.1 3.4 -0.4 0.2 4.9 -1.5 -0.9
4 QT4 -2.5 1.3 -1.2 -0.4 0.1 0.1 -2.9 1.4 -1.1
5 QT5 -0.4 1.7 -1.2 -0.4 0.5 0.1 -0.8 2.2 -1.1
6 QT6 -0.5 -0.1 -1.2 0.3 4.0 0.2 -0.2 3.9 -1.0
7 QT7 -1.7 -0.9 -0.6 1.7 0.2 0.2 0.0 -0.7 -0.4

5.3 So sanh dé chinh xac cua hai phwong phap
Tl cac gia tri chuyén dich ctia cac diém quan trac & bang 3 va bang 5, chung t6i tién hanh so sanh gia tri
chuyén dich cla hai phwong phap quan trac. Két qua so sanh dwoc dwa ra & bang 6 va bang 7.

Bang 6. Két qua so sanh gia tri dich chuyén cta hai phuong phap quan trac (& thoi diém do chu ky 02)

D6 dich chuyén theo D6 dich chuyén theo phuong
phwong phap truyéen thong phap do tw déng bang may D6 léch gia tri chuyén dich &
. (chu ky 02 so v&i chu ky TPDT Leica viva TS15 (chu ky chu ky 02
STT dTlgr'T‘] 01) 02 so véi chu ky 01)
QX QY QH QX QY QH |AQx| |AQy] |AQu|
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
1) 2 3 4 (5) (6) (7=1-4) | (8=2-5) | (9=3-6)
1 QT1 0.2 -1.8 -0.3 0.0 0.0 0.8 0.2 1.8 11
2 QT2 11 -1.0 -1.0 -0.9 -1.1 0.6 2.0 0.1 1.6
3 QT3 15 -1.1 -1.1 -1.1 -1.4 -0.2 2.6 0.3 0.9
4 QT4 -2.5 1.3 -1.2 1.2 -0.6 0.2 3.7 1.9 14
5 QT5 -0.4 1.7 -1.2 -0.8 -1.6 0.4 0.4 3.3 1.6
6 QT6 -0.5 -0.1 -1.2 -2.5 -1.2 0.5 2.0 11 1.7
7 QT7 -1.7 -0.9 -0.6 0.9 0.8 0.2 2.6 1.7 0.8
Bang 7. Két qua so sanh gia tri dich chuyén cta hai phuong phap quan trac (& thoi diém do chu ky 03)
Dé dich chuyén theo phwon Do dich chuyép theg phuong e Xy
| o uydntnng chui OF | B9 S0l ong e miy | B016ch 9 i chuyln o o
stT | nen S0 vdi chu ky 01) 03 50 v&i chu ky 01)
QX QY QH QX QY QH |AQx| [AQv| [AQH|
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
1) 2 3 4 (5) (6) (7=1-4) | (8=2-5) | (9=3-6)
1 QT1 2.2 -3.4 -0.2 0.8 -1.6 0.6 1.4 1.8 0.8
2 QT2 2.7 -0.5 -1.1 15 0.7 0.4 1.2 1.2 15
3 QT3 4.9 -1.5 -0.9 1.2 0.7 -0.8 3.7 2.2 0.1
4 QT4 -2.9 14 -1.1 0.6 0.6 -0.1 3.5 0.8 1.0
5 QT5 -0.8 2.2 -1.1 -2.8 0.6 0.4 2.0 1.6 15
6 QT6 -0.2 3.9 -1.0 -1.9 -1.2 -0.4 1.7 2.7 0.6
7 QT7 0.0 -0.7 -0.4 -2.5 1.5 -0.5 25 2.2 0.1




T két qué & bang 6 va bang 7 nhan thay, sy sai khac gitra gia tri chuyén dich ciia phwong phap truyén
théng so v&i phwong phéap quan trac ty dong badng may TDDT Leica viva TS15 la twong dbi nhé (theo huéng
truc X I1&n nhét 14 3.7mm, theo hwéng truc Y Ién nhat 14 1.6mm, theo hwéng truc H Ién nhat 1a 1.7mm).

Can clr vao sai s6 vi tri diém, sai sb dd cao diém I&n nhat sau binh sai cla céac diém trong phwong phap
truyén théng nhw da néu & trén thi gia tri chuyén dich cla cac diém quan tréc bang phwong phap truyén théng
van nam trong sai s6 gi¢i han cla sai sb do. Mat khac, ciing cé thé thay réng da sb gia tri chuyén dich ctia cac
diém quan tréc theo phwong phap tw ddng nhé hon gia tri chuyén dich cla cac diém quan trac theo phuong
phap truyén théng. Do d6, dé léch gia tri chuyén dich cla hai phuong phap van nam trong sai sb gi¢i han cla
sai s6 do bang phuwong phap truyén théng.

Theo ly lich cia may TEDT Leica viva TS15 va két qua quan tréc thu dwoc & trén thi gia tri chuyén dich cla
céac diém quan trac bang phwong phap tw déng c6 mirc do tin cay cao do dé loai trr dwoc sai sb dinh thm may
va dinh tm gwong trong phwong phéap truyén théng. Phwong phap quan tréc tw doéng bang may TBDT Leica
viva TS15 va phdn mém GOCA hoan toan dap &ng dwoc dd chinh xac yéu cau £1.0mm.

6. Kétluan
Qua qua trinh khao sat ly thuyét va tién hanh thyc nghiém quan trac chuyén dich ngang twong vay nha cao
tang bang TDDT Leica viva TS15 va phan mém GOCA, ching t6i rat ra mét sb két luan nhw sau:

- Qua trinh sir dung may TDDT Leica viva TS15 va phan mém GOCA sé tao thanh mét hé théng quan tréc
tw déng. Hé théng quan tréc tw dong nay c6 nhiéu wu diém ndi tréi hon so véi cong nghé truyén théng, do la:
D6 chinh xac rat cao (+ Imm hodc nhd hon), théi gian cung cép két qua nhanh nhét, cung cap duwoc nhiéu
théng tin nhat, gidm thiéu ti da cac nguén sai s6 do va tinh toan do yéu té chd quan clia con ngudi;

- Hé thdng quan trac ty déng bang TDDT Leica viva TS15 va phan mém GOCA da khéc phuc dwoc nhiéu
nhwoc diém ma cong nghé truyén théng khoéng thé dap ng dworc;

- Hé thdng quan trac ty dong bang TDDT Leica viva TS15 va phan mém GOCA hoan toan cé thé st dung
dé tw déng quan tréc chuyén dich ngang twéng vay nha cao tang, hé théng quan trdc nay hoan toan dap ng
dwoc yéu cau vé tién do va do chinh xac dé ra (d6 chinh xac quan trac dat dén +1.0mm).
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