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THONG NHAT TOA B0 TRONG CONG TAC
CHUYEN TRUC LEN NHA SIEU CAO TANG

Vi Thai Ha', Bui Duy Quynh’

Tém tat: May toan dac dién tir (TPBT) va thiét bi do dinh vj toan cdu (GPS) véi khé néng do lién tuc, tw déng, cé
thé tmg dung trong cong tac chuyén truc Ién tang theo toa dé phuc vu xay Idp cong trinh nha siéu cao tang ¢6 do
chinh xac yéu cau rat cao [7]. Xuyén sudt qua trinh bé tri, chuyén truc va thi céng nha siéu cao tang thuong st
dung nhiéu loai tri do trong céc hé toa dé khac nhau. Do do, can thiét phai tinh chuyén déi va théng nhat toa do
phuc xay dung, dac biét khi sir dung TPET va GPS. Véi TEBT do céc tri do mat dat va GPS do céc tri do khéng
gian, can phai cé phurong phap xir ly sé liéu phu hop dé dam bao tinh chinh xac va dap tmg duoc diéu kién thi
cong cong trinh. Bai bao trinh bay cach thirc chuyén déi théng nhét vé toa do thi cong céng trinh doi véi nha siéu
cao tang. Bé xirly sé liéu léi chuyén truc 16n nha siéu cao tang, co thé &p dung binh sai khéng gian Iéi hén hop
tri do mét dat-GPS, réitinh chuyén vé hé toa do cong trinh.

Tirkhoa: Nha siéu cao tang; chuyén truc 1én ting; toan dac dién tir; GPS.

Summary: Total station (TS) and Global positioning system (GPS) device with abilities to measure automated
and continuously, of staking out coordinate axis up to high floors for constructing and assembling super high-rise
buildings requiring very high accuracy. During arrangement, transfer axis and construction the super high-rise
building, there are many measurements of different coordinate systems. Therefore, it is necessary of transform
and unify coordinates for construction, particularly in cases using TS and GPS. The problem must be solved is
adjusting mixed measurements of triangle and distance by TS and continuously spatial GPS measurements
ensure the accuracy and meet construction conditions . This article presents the way of unifying to coordinates
construction for super high-rise building. To process data from the network of super high-rise building axis
transfer, adjustment of spatial terrestrial-GPS measurement networks may be applied, then data should be
transfered to the local coordinates.

Keywords: Super high-rise buliding; transfer axis; total station; global positioning system (GPS).
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(., 1.Datvan dé

Nha siéu cao tAng la dang cong trinh yéu ciu do chinh xac cao. Cong tac tréc dia phuc vu xay dwng nha
siéu cao tAng phai trai qua nhiéu giai doan. Hé toa dd st dung trong cac giai doan nay thwdng khéng ddng nhét.
Trwée day, viée chuyén truc 1én cac tAng nha dwoc thue hién béng doi, may kinh vi hodc may chiéu ding. Tuy
nhién, v&i s tAng nha ngay cang cao, dac biét véinha siéu cao tAng (Ién hon 40 tang) thi nhirng cach thwc hién
cii khéng con phu hop béi sai sé tich Ihy va diéu kién thi cong kho khan [2]. Vi vay, nhdm dam bao va nang cao do
chinh xac cia cong tac tric dia trong qua trinh thi cdng, ngoai viéc str dung céc thiét bi do dac truyén théng, can
thiét phai diing nhirng thiét bi hién dai nhw may TDDT dé do céc tri do mat dat va thiét bi dinh vi toan ciu (GPS)
dé do cac tri do khong gian. Théng nhét toa do trong cong tac chuyén truc 1&n nha siéu cao tang bao gdm viéc
tinh chuyén déi toa dé gitra cac hé qui chiéu & cac giai doan khac nhau clia cong tac trac dia va tinh chuyén cac
tri do mét dat, GPS vé cling mét hé toa dd déng nhat. Toa db ding trong qua trinh xay dwng twong (rng véi cac
chiéu dai-réng-cao clia ¢dng trinh 1a phil hop nhat, dé& céng tac b tri cac yéu té ra thure dia co thé thuwe hién dé
dang hon.
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( @ 2.Cachétoadd thwong dung va cong tac tric dia trong cac giai doan xay dwng céng trinh
2.1 Mét sé hé toa d6 thuwrong sirdung trong cac giai doan xay dwng céng trinh
Hinh 1 thé hién ba hé toa dd ba chiéu thwérng str dung
trong céng trinh: hé toa do dia tam XYZ, hé toa do trac dia
BLH va hé toa d¢ dia dién chan tréi xyz.
- Hé toa d6 khéng gian dia tam XYZ c6 diém géc O
triing v&i trong tam Trai dat, truc OX trung véi giao tuyén cla
mat phang xich dao va mét phang kinh tuyén gbc, truc OY
n&m trong mat phang xich dao va vuéng goc vai truc OX, truc ,
OZ triing véi truc quay Trai dét. Toa dé dia tam ctia mot diém
Ala A(X, Y, Z). Hé toa dd khong gian ba chiéu nay thudng
duing trong do va xtr ly sé lieu do GPS.

- Hé toa d trac dia co kinh do trac dia L, vi do trac dia B
va do cao tric dia H'™®. Toa do tric dia clia mot diém Ala A (B,
L, H). Hé toa dd nay thwdng str dung nhw toa doé trung gian
chuyén doi gitra cac hé toa do khac nhau. Hinh 1. Mot sé hé toa do ba chidu thuong ding

- Hé toa do dia dién chan trévi xyz, cé diém gbc tai tam
cong trinh hodc mét diém bat ki. Truc x la giao tuyén cla mat
phang kinh tuyén qua diém géc va mét phang nam ngang
(vubng goc véi phap tuyén tai diém gdc), truc x huéng vé cuc
Béc. Truc z 14y theo phwong phap tuyén véi mét Ellipsoid tai
diém géc. Trucy theo hweng vé phiaBong va vudng goc voi
truc z, truc x. Hé toa dd dja dién chan tr&i co thé ap dung
trong binh sai lwéi do ¢ tri do mat d4t va tri do GPS [5]. Béng
phép chuyén Helmert, ta cé thé dé dang tinh chuyén tir hé
toa do dia dién chan troi vé hé toa do cong trinh x'y'H'.

X

. Kinh
yén gitva

Xich dao
Y

Ngoai ba hé toa do ba chiéu trén, con hai hé toa do
khac thwdng dung trong xay ding cong trinh la:

- Hé toa do qudc gia VN 2000 co toa do métbang X, Y
(Hinh 2), str dung phép chiéu UTM va ellipsoid quy chiéu
WGS-84 va dd cao thiy chuén H theo hé d6 cao Hon DAu, 500k .
Hai Phong. Pay la hé toa do quéc gia dwoc ap dung théng T m
nhéat trén toan quéc cho tat ca cac loai tw liéu khao sat va xay
dwng cong trinh bat dau tlr ndm 2000 dén nay.

- Hé toa dd cuc b cong trinh x'y'H' phuc vu thi céng

thwdng chon cac truc song song hodc vubng goc véi cac tryuc
cla cong trinh. Day la hé toa dd cho cac gia tritwong ing véi Hinh 2. Hé toa do vuéng géc phang VIN2000
ba chiéu dai-réng-cao clia cong trinh.

2.2 Céng tac trac dia trong céc giai doan xdy dwng nha siéu cao tang

Dé& phuc vu xay dwng cdng trinh tréi qua nhiéu giai doan, cac céng tac tric dia va hé toa dd st dung cé
nhirng déc diém khac nhau, 1an lwot trdi qua cac bwdc sau[1]:

Bwéc 1. Giai doan chuyén thiét ké ra thwe dja, str dung lwdi thi céng cé toa dé théng nhat véi toa do dling
trong giai doan khao sat, |a toa d6 quéc gia trong hé VN 2000. D6 chinh xac cla lwéi dd dé bé tri diém, twong ng
v&iti1& ban dd khao sat (thueng co tilé 1/1000 hodc 1/500).

Bwérc 2. Cong tac trac dia thi cdng phan méng cdng trinh thuérng s dung toa d6 mét bang x'y' va do cao
thay chuan H'.

Bwéc 3. Dé xay dwng phan than cong trinh, can thanh 1ap lwéi tim truc trén mat bang c6t 0.0. Lwdi nay co
do chinh xac rat cao, sai sé twong hd vj tri diém trong lwdi chi tir 1 dén 2mm [6]. Khi xay dwng lwdi thwéng do cac
tri do mat dat (goc va canh) bang TBDT. Sau do tién hanh xt Iy sé liéu do theo phwong phap binh sai tw do nhdm
xac dinh toa dd khu vure x'y'. Dd cao lwéi tim truc H' & c6t 0.0 dwoe do ndi dd cao thay chuan qubc gia.
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Bwéc 4. Dé chuyén cac truc clia cong trinh 1én cac tang, tai c6t 0,0, ta phai tién hanh dinh vi lwéi tim truc,
ddi véi nha siéu cao tng c6 thé tién hanh do GPS lwéi dinh vi tim truc. Nhw vay, cac diém tim truc dwoc do bang
TDDT con céc diém dinh vi do bang GPS, can thiét théng nhét toa dé cac diém tim truc va dinh vi nay. Phwong an
phU hop la binh sai hén hop tri do mat dat-GPS |wai dinh vi va lwéi tim truc trong hé dia dién chan troi [5]. Sau do
ap dung cong thirc tinh chuyén Helmert dé& chuyén cac diém tim truc tir toa do dia dién chan trévi xy vé toa dé cong
trinh x'y". Vi pham vi xay dwng cdng trinh khéng I&n, nén toa d6 dia dién chan tréi z cling twong rng voi d6 cao thi
cong H'. Khi nay, ta da théng nhat duoc toa dé cong trinh x'y'H' va lwu gilr cho cac diém tim truc tai mat bang cbt
0,0 theo chiéu dai-rong-cao clia cong trinh.

Bwérc 5. Cong tac xay lap phan than cong trinh, trén méi san thi cong tai tAng thiv i, st dung toa d6 céng
trinh x'y'H'i.

Bwérc 6. D& chuyén truc cong trinh Ién cac tAng cao dwoc chinh xac, ddm bao d6 thang dirng va giam sai
s6 tich ldy, lwdi tim truc cin dwoc chuyén 1&n tAng theo cac phan doan [2]. M6i phan doan thwéng tir 10 dén 20
tAng. Nghia la trong khoang 10 dén 20 tang, ta 6 thé chuyén truc |&n tAng bang may chiéu ding, van dam bao dé
chinh xac va thao tac, dung cu don gian. Két thic mdi phan doan, cén thiét phai do dac lai lwdi tim truc mét cach
chinh xac va hoan nguyén lai vi tri diém theo dung toa do tai ¢t 0,0. Trwdc khi do kiém tra lwdi tim truc tai ting két
thuc phan doan, can tién hanh do GPS, danh gia do 6n dinh mdc dinh vj [3]. Po GPS va TPDT, théng nhat toa do
lwéi dinh vi va lwdi tim truc trén san phan doan thir j va chuyén vé toa dé cong trinh san twong ting x'y'H'j twong
tw nhw buéc 4.

Bwérc 7. Cong tac b tri chi tiét va do vé hoan cong trén cac san str dung toa dé thi céng x'y'H'.

Bwérc 8. Quan trac bién dang cdng trinh c6 thé str dung toa dé thi cdng x'y'H' hodc hé toa dé quan tréc doc 1ap.

Nhan thay réng, qué trinh thi cdng céng trinh nha siéu cao tang trai qua nhidu giai doan, do dac nhiéu tri do
bang cac thiét bi khac nhau, bao gém ca tri do mat dat va tri do khéng gian. Vay can thiét phai théng nhéat toa d6 trong
thi cong cong trinh nha siéu cao tang, cu thé 1a tinh chuyén cac trj do mét dat, GPS vé ciing mét hé toa do dong nhét.
(@ 3.Thuattoantinh chuyén théng nhittoa do

3.1 Chuyén déi giira toa dé dia tim va toa do dia dién

Tai bwée s6 4 ciing nhw bwée sb 6 clia muc 2.2, khi thwe hién bai toan binh sai két hop tri do méat dat-GPS
i tim truc va lwéi dinh vi, can chuyén ddi gitra toa dé dia tam va toa dé dia dién. Ching ta str dung céng thire sau:

X | |-sinBjcosl, —sinBsinl; cosB, | x| |(N,+H,).cosB,cosl,
Y |=|—sin[, cos L, 0 Y|+ (N, +H,).cos B,sinL (1)
Z cos B, cos L, cosBysinl, sinB, ||z | |[N,(1-¢*)+H,].sinB,

Tir bigu thire (1) suy ra biéu thire tinh chuyén nguoc lai nhuw sau:
x| |-sinBycosl, -sinB;sinl;, cosB, ||X—(N,+H,).cosB,cosL,
»|=|-sini, cos L, 0 | Y —(N,+H,).cos BysinL, (2)
z cos B, cos [, cosBysinZ, sinB, ||Z—[N,(1-¢")+H,].sinB,

trong do: B,, L,, H, la toa dd trac dja clia diém trong tam lwéi hay géc toa d6 cuia hé toa do dia dién dwo'c chon sao
cho xyz luén dwong; N, ban kinh cong vong thang dirng thir nhét di qua diém gbc ctia hé toa do dia tam.

(12

N, = 3)
Ja? cos® B, +b*sin® B,

trong dé: a, b la ban truc Ién, ban truc nhé cua Ellipsoid WGS-84; a =6378137.0000; b = 6356863.0188; e la tam

sai thtr nhat ctia Ellipsoid; X, Y, Z 1a toa do vudng goc khéng gian dia tam ctia diém can tinh chuyén; x, y, z la toa dd

vudng goc khdng gian dia dién ctia diém can tinh chuyén.

3.2. Chuyén déi toa dé giira hai hé toa d6 phang

Sau khi thirc hién bai toan két hop tri do mét dat-GPS trong hé dia dién chan trei, can phai ap dung céng
thtre tinh chuyén Helmert d& chuyén cac diém tim truc tir toa do dia dién chan troi xy vé toa dé cong trinh X'y
Cdng thirc Helmert co dang:

X, = X, +mxcose —my:sing

Y, =Y, + my,cosp+ mx;sing

(4)
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trong do: X, Y, 1a toa do didm i trong hé toa do thir hai; x,y, 13 toa do X
ciia diém i trong hé toa dd thir nhat; X, Y, Ia gia tri dich chuyén gbc

toa dg, chinh la toa do gbc clia hé thir 1 trong hé toa do thir 2; pla
goc xoay hé truc; mlaty 1& bién dang chiéu dai.

Dé chuyén dbi tir hé thir nhét sang hé thir hai can xac dinh 4
tham sé chuyén di, do 1a do léch gbe X,, Y., goc xoay ¢ va ty 1& dai
m. Mudn xac dinh dwgc 4 tham s6 thi can it nhat 2 dieém song trung.

Gia strta cd n (n = 2) diém song triing chuing ta sé xac dinh
cac an sb theo nguyén ly s6 binh phwong nhé nhat, khi dé sé lap
duoc 2n phurong trinh s6 hiéu chinh dang: Hinh 3. Bai toén chuyén déi toa d6 Helmet

Vi = X, +mxcosp—mysing-X; (5)

Vi, = ¥, + mycose +mx;sing Y,

Kihiéu: mcos(p=Pvamsin@=Q (6)
V&iki hiéu nhw trén cé cac cong thirc tinh:

(p:artg%vé m=\]}TQZ (7)
Thay (6) vao (5) ta dwoc:
V=X, +x,P-vQ-X,
Vy=Yo+ y,P+x0-Y,

Viétdwdidangmatran: V=AX+L 9)
Trong do:

V -X

o 10 x -y X; :

"n 01 ¥oX )4 4
Vsl |3 = SN ]3 3 Ll

Vs - 0 -X,

X

v, Yoo Xy y

Lap hé phwong trinh chuan: (ATA)X+C'L=0 (10)

Giai hé phuong trinh chuan (10) nhan dwoc vector an sb X, tir do sé tinh dwoc 4 tham s6 chuyén ddi gira
haihé toa d6, danh gia dugc dd chinh xac.

4. So db thuat toan tinh chuyén déi théng nhéat toa dé phuc vu céng tac chuyén truc Ién ting nha

siéu caotang

Po GPS Binh sai khang gian, xac dinh XYZ Do mat dét bing TOOT
v
Tinh chuyén diém gbc tir toa do dia tam XYZ vé tric dia BLH
v
Tinh chuyén toa dé dia tam XYZ vé dia dién xyz

Kiém tra do _ y
on dinh Binh sai hén hop tri do mat dat
mbc dinh vij - GPS trong hé toa df dja dién xy,z vé Xy, b’

Hinh 4. So dé thuét toan chuyén doi théng nhét toa d
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Theo cong tac trac dia da néu trong muc 2.2, cac budc xtr Iy sé liéu déi vai trj do TDDT, GPS va tinh
chuyé&n doi toa da théng nhét v& toa do thi cdng trong chuyén truc I&n nha siéu cao tAng dwoc so db hoa trong
Hinh 4. Trong d6 c6 mét sb bai toan binh saiva chuyén dbi toa do nhw sau: Binh sai khéng gian lwéidinh viva ludi
tim truc xac dinh XYZ; Danh gia do 6n dinh méc dinh vi, chon cac mbc én dinh dé chuyén toa do 1én tang [4]; Binh
sai hén hop TDPT-GPS cac diém dinh vi va tim truc trong hé dia dién; Chuyén toa do dia dién xy vé toa do thi céng
X'y". Hiéu chinh dd cao, chuyénz vé H'.

@ 5. Thwe nghiém théng nhéat toa dé lwéi tim truc va lwéi dinh vi tai c6t 0,0

Xay dung hé thdng i dinh vi va ludi chuyén truc tai ¢t 0,0 clia cdng trinh nha siéu cao tang phuc vu cdng
tac chuyén truc 1&n tAng véi so d6 nhw Hinh 5. Médc dinh vi GPS1, GPS2, GPS3, GPS4 duoc xay dung chic chan,
tai noi co dia chat dn dinh, ndm ngoai pham vi tac déng bién dang céng trinh. Diém chuyén truc T1, T2, T3, T4 ndm

trén 2 dwéong thang song song véi truc chinh clia ¢ong trinh véi dd chinh xac yéu cau sai sé vi tri diém +2mm.

GPS3 GPS1
A A

—> Mit san ¢t 0,0

T1
A
GPS4 4 GPs2
Hinh 5. So dé mat bang Iui dinh vi va luéi chuyén truc
Tién hanh do dac lwdi tim truc bao gdm cac diém T1, T2, T3, T4 béng TEDT TCR-705 thu duoc 8 goc, 6
canh do. Trieorng hop nay, didu kién dia hinh thuan loi d& do ca 8 diém béng GPS nén tién hanh do GPS ca 2 ludi
dinh viva lwgitim truc béng 5may GPS 4600LS v&i 2 cado:

- Ca1: Do ddng thoi lwéi 4 diém dinh vi GPS1, GPS2, GPS3, GPS4 va 1 diém tim truc T4.
- Ca2: Giir nguyé&n may tai 2 diém GPS4, T4. 3 may con lai dattai 3diém T1, T2, T3.

Binh sai khang gian cac tri do GPS, thu dwoc toa dd cac diém trong hé khéng gian dia tam trong Bang 1.

Bang 1. Toa do cac diém trong hé dia tam

)
3

S6 hiéu diém

X (m)

Y (m)

Z(m)

GPS1

-1630415.0646

5731449.0057

2266749.7766

GPS2

-1630697.1613

5731475.6003

2266553.7261

GPS3

-1630167.0961

5731396.4490

2267069.3126

GPS4

-1629872.7119

5731629.9951

2266682.4533

T1

-1630205.0832

5731556.8314

2266666.4110

T2

-1630201.0409

5731541.3203

2266708.4655

T3

-1630249.1828

5731527.7552

2266708.0893

T4

-1630253.2238

5731543.2407

2266666.0181

N |g kW[N] =

Chon diém GPS1 lam diém quy chiéu. O két qua xr ly canh GPS, ta co toa do tréc dia (B, L) ctia diém
GPS1 ( 20°57'18.3"; 105° 52' 18.7"). Tién hanh bai toan binh sai két hop tri do TBDT va GPS, trong d6 st dung
cac cdng thirc tinh chuyén & phan 3.1, thu dwoc toa do ctia cac diém trong hé dia dién trong Bang 2.

Kétluan: Sai so vi tri diém I&n nhatla 1.6mm < 2mm.Vay lwdi dinh vi va lwéi tim truc xay dwng dat yéu cau.

Co6 2 diém T1, T2 1a 2 diém song trung vira co toa do trong hé dia dién, vira co toa do trong hé toa do cong
trinh T1 (80000.000; 10000.000), T2 (80045.000; 10000.000). Tinh Chuyén theo cong thirc Helmert & phén 3.2.Thu
duwoc cac tham sé tinh Chuyén: Xo = 80022.5000000; Yo =10000.0000000; ¢ = -1657.2529106"; m =1.0000000.
Két qua sau khi tinh chuyén vé& hé toa do cong trinh trong Bang 3.

Qua qua trinh thuc nghiém, nhan thay viéc do dac bang TEDT va GPS théa man dwoc do chinh xac yéu cau
xay dirng lwdi tim truc va lwéi dinh vi tai cdt 0,0. Qua trinh tinh toan theo qui trinh d& dwa ra kha thuan loi, dam bao
dé chinh xac, co thé ap dung qui trinh tinh nay khi do GPS va TDDT dé chinh xac héa lai ludi khéng ché tang khai
d4u médi phan doan clia nha siéu cao tAng.
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Bang 2. Toa dd cac diém trong hé dia dién

) Toa dd Sai s6
biem
x(m) y(m) z(m) mx(mm) my(mm) mz(mm)
GPS1 20000.0000 5000.0000 0.000 - | e
GPS2 19789.9933 5167.7972 0.434 0.8 1.3 2.7
GPS3 20331.3332 4775.9794 -0.078 0.7 1.1 24
GPS4 19928.0292 4428.9860 0.001 0.7 1.1 2.3
T1 19905.6576 4768.5878 0.052 0.9 1.2 29
T2 19950.6506 4768.9508 0.095 1.0 1.3 29
T3 19950.2499 4818.9497 0.075 0.9 1.2 3.1
T4 19905.2515 4818.5948 0.003 0.7 1.1 2.3

Bang 3. Két qué tinh chuyén vé hé toa do céng trinh

STT Tén didm Toa do dia dién Toa do cong trinh
X(m) Y(m) X(m) Y(m)
1 GPS2 19789.9933 5167.7972 79887.549 10400.126
2 GPS3 20331.3332 4775.9794 80425.723 10003.971
3 GPS4 19928.0292 4428.9859 80019.644 9660.229
4 T 19905.6588 4768.5879 80000.003 10000.000
5 T2 19950.6508 4768.9494 80044.997 10000.000
6 T3 19950.2500 4818.9494 80044.998 10050.002
7 T4 19905.2515 4818.5949 79999.998 10050.009

(@ 6. Kétluan

Céng tac trac dia thi cong nha siéu cao tang tréi qua nhiéu giai doan, co thé st dung nhiéu loai thiét bi do
khac nhau va cac hé toa dé trong mdi giai doan cé nhirng dic diém riéng. Vi vay, viéc tinh chuyén ddi thdng nhéat
toa dd la can thiét, dc biét la giai doan chuyén truc 1én tAng nha.

Néu sir dung TDDT do cac tri do mat dat va GPS do tri do khéng gian trong cong tac chuyén truc I1&n nha
siéu cao tang, dé thong nhat vé toa do, co thé chuyén cac trj do vé& hé toa do dia dién, binh sai két hop tri do mét
dat-GPS trong hé dia dién réi tinh chuyén tir hé dia dién vé toa do céng trinh theo cong thirc Helmert.

Khi xay dwng lwéi co do chinh xac cao, str dung nhiéu loai tri do trong cac hé qui chiéu khac nhau nhw
trwérng hop nay, dé giam théi gian xt ly két qua do can sir dung cac phuong tién tinh toan hién dai, cu thé la
nhirng phan mém tinh chuyén toa d6 phi hop dé dap (rng dd chinh xac va tién dé thi céng céng trinh.
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